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1 ] 

TW±t:i«±oi I I II j»j#iM H B H ^ * If miei I im 

fltrie 1 1 1 mmim^mfete -sons a* i o ^ m m± 6 0 0 /. m ^ «** o . 2 mm 

2 ] 

1 KfSftco I I I IS^%^2»#|§ B B H 60^jit^rS o 

3 ] 

T^ffi«-r*«riBT»a!f«oiiPM± mib 1 1 immwo^m^^^^^^TM 
t z^mmm 1 kibiro i i i jfea<b»#*#ttfi<o»«*ffi 0 
umm 4 ] 

mriBP^pfim, 2 mi>Js±<D/hmuuomz x ToYtj&zfix^&m^o&z kiibir© i i i 

5 ] 

i m&±<Dmm 1 1 1 mmitm^mmsgk *««$*4is^ wibt»*e±^ i is 

6 ] 

ttrfBi i ij^^kW^*##ifiSrfriBT*aMR3&*c>5*K , t-*xetc*v»'r, ^y^-sr 
[fit «r 7 ] 

stria 1 1 iia^^gi^M^, ^¥«t^ Efc^ttSfcttHA 3 ?**^ 
**Mf*3g i frhmmM 6 i -cov>r*L*»^8Btto 1 1 1 mmitm^mm^^m^m 

o 

mmM 8 ] 

mm 1 1 1 MBit® *mfc& io/hra±3oo^m/hr jslt-c 

l ^iif^ijr 7 $ -cov>-rtL**^|B«o i I I lI«^fM H B H oit^fe 

o 

umm 9 1 

tuiBi i immit^j^^<DTm^immfr 5 x 1 o 19 c m- 3 m^^»*f 1 ^^w^ 
imm% i o ] 

urn 1 1 i mmtm^^cD^M t , (oood i, (1-100) i, (11-20 

) I, (1-101) E (1-102) I, (11-21) H£ iff (11-22) I 

<od*><D\**irtLfr<Dmb(Dik't*7ftifi > o° m±4° £iTt^^«*si*f)iita7 
[it 1 1 1 

If^ 1 frhm^.m 1 0 S-eo^-f tifrKtiMo 1 1 1 li{tt^iM B B a oM^fe 

lit m 1 2 ] 

T«dMRJ:fc:i«&±tf>I I I ^M^%#*#^ H a H «*^S$^^XfS fc , IfffB I I 
I iIll:tflM B B B I«±i: 1 JSmxco I I 1 £^fttt4MMMirM $«xg 
, MiB I I I Sfefi^WS#:!i!f H B H Mi3 J; ffffB I I I li{t!i«M H a H i^f>W 

£*ub 1 1 immm^mfeffiMszmmTMmufrbfrM-f&xmt 

BulB I I I MM^%^2i#MH a HOJ¥$^ 1 0 M mftl 6 0 0 ^ mmX, (B**0 . 2 mm 

miE#2 005-30 3 8 435 
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m±5 0mm£lTt?*J I I I Mftt^if^M ^ O^^ffio 
[Iff #31 1 3 ] 

trie 1 1 iMmitm^mM^^Ufo^Mcomm^, msmTM^u^momm^ m> 

$v>|ff#^i 2K|B|fttf>I I IitWi#fVM^^Iim 
[W*^ 1 4 ] 

xmt z&tsm^m 1 2 mamo 1 1 1 mm^^m^r^4 xomm^mo 
iit#^i 5] 

im&m 1 e ] 

1 wx^Mf^gagt-^is^ mmm^^mt lt^isi i 

B H aSft ^ ^ft $ !> Iff t ^fr l 2tcfett<7>I I IIM^fAM^^S 

ummi 7] 

tuiai 1 1 mm<tm¥-mm£M i mK& £ r/ttrie 1 1 immitm^mitm^m^hm^ 
ti& 1 1 iMMM^2»#M H H H ^tuiaT*M^^^iii-^xfi^^v^T N x 7 f>^ 

mulatto 1 1 1 J^a-fhW^^^-f ^o^^&o 
im^m 1 8 ] 

"A¥«fc, mM^m^t tzit^n^f m>Rr^^mmMi 2^bmm^i 7tx-<o^-rti 
i^mm 1 9 ] 

Buia I I I MM-fb%^«#:|t H B H ^co^^iiK^\ 10m/hr J£Ui 3 0 0 /< m/ h r 

mr-c^iff^i! 1 2 1 8 * ti/Mciamo 1 1 1 itftf^i^rvt 

[»#« 2 0 ] 

Itria 1 1 1 J^k%it H H H «w^M%?AiS^5 xi 0 19 c m- 3 mT-e^^if*u 1 2 & 
wn&gn 2 1 ] 

tufa 1 1 iiiftM B B H it^)±i^ (0001) 1, (1-100) 1, (11- 

20) E (1-101) i, (1 — 10 2) UN (11-21) 1*^^(11-22 
) M<Dd ib(D^-ftifr<Dmt<D%1r*7ft&^ 0° JSLL4° mT^^^ffJftTj 1 2 *&fff 
8 tT'COV^-ftL^^fa«<OI I I^fi'fb%#*#:T i V^^o^5t^r^ 0 
[If 2 2 ] 

ft^lll 2^fbfjf^2 1 £ XcD^-tfifrlzmm^ I I I^M-fbt/^frT-Vs'^^^M 

m&m 2 3 1 

[ff^lj 2 4 ] 

0 . 0 1 mM± 50// mJ^TT^-g,|f#^ 2 3 ^fafc^ I I I JjeS'ffcW^ #T~V^ 
[l»« 2 5 ] 

f»*^ 2 2 7^W^2 4 ^ trOV^-f ^^fcfa<c$ I I I Mitt^ift^M ^ 
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una i i tfriai i ij|ifijt%«{«t H H H ^«t, stria i 

1 1 1 ^a^bt/*2i#M^ <b M>xmm nii 1 1 mmim^mitmgkm x *> it < 
t^pii i i i^fl-fbt;«f«t H B H ii t , miia nii i i mmn*mmgkm& «t w P 
miii ^sit w«#f£if H /i o n Ms-t ^ sift® t x. . 
Mis 1 1 1 mmitm^mmtiMimKoitmms o . 5 a • c miTt^ 0 , 
mta pii 1 1 tMmn¥mn^^m<Dm i^^su utrsa 1 1 1 jgaibw^MiH*: 

[nt 2 e ] 

it 2 2 frhm 2 4 ov»-rtL*»^iaiR$ titz 1 1 1 ^^#^#^^^7. 

tufa I I IIl»i#f/M^(i, Atrial I IlMft#fM a B H »^^Ga 
N3fcKi:, fuiaG a N2kKtf>|| 1 nil I I liWtM B ^H?*5 

nlAhGai-xNI ( 0 x =S 1 ) TttrfBG a N3MRtf»fc jLTftrginSllA 1 x G ai-x 

ns i i9»< pii i immm^mm£M i mx&z> p ia i x g ai-.Ni c 

OsSxsSl) fc, itutanMA 1 xG ai-xN*i3 iffpIA 1 x G a i- x NJf OP^r-figl"* 

HUB G a N3MEO<Ktt?IPflE5&*, 10Vc m 2 IK^ 9 , 

fufBplA 1 xG ai-iNiOffl*^-) >-*^L, mrfBG a NS^fufBfil 1 

inijfcffl 2 7 ] 

WM2 2^?)f(|*«2 4 S ^<0V>i**Ltf>fcBB*S*Lfc I I IllWiftV^^ 

mftai I I Mftiftfiffv^ * mtai I i^^^-s^^^-e^s A l 

NMt, TttrfBA 1 NlfeK^H 1 co£M coffin nil I I Mttf iM H a H lOnI 
A 1 x G ai-xNJf (0^xs= 1) fc, tifiaA 1 N»»fb UTitfriBnlA 1 X G ai-,N| 
J;>)I<}:fittl>pIl I i^-fb^^teSS-e** pIA l,G ai.,Ni (0s£ 
x^l) fc, fufSnlA 1 x G ai-xNJf^ i O^pIA 1 x G a i-x N*W W telfclt 

fulBA 1 NSIMSOiWSSap**, 1 0 0W/ (m • K) &±-e* 

fulBplA 1 xG ai-xN»tf>ffl!I&^ >H^U fufBA 1 N«<7)itufBlil 1 c75^Mt^ 
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mm<D%m 1 1 im&<tm^m<m^ ^w<Dmm.^, 1 1 

[0 0 0 1 ] 

, I I U^aj^^ffr^M^isi^^M^&^^^lc^-o i i lMitWi# 

[WIMStT] 

[0 0 0 2] 

I I I^M«W#M H H H i±> H^^^f^-K (Light Emitting Diode, J^TLEDfc 
v^) , t-V (Laser Diode, ttTLDfcv^) & £<D^m*r^4 7 Kfc 

[0 0 0 3 ] 

I I immm^-mmsM,*^ 1 1 i ^a^w^^ xti, it<t)#< 

g, ^7^? ^/;|S H B H WitiJUis J; 4 £ l±EFM;<z>*& I, * ;v ^tfljt 0 fait & Ig, 

tig, -^•coM^nx$tL^i§ H H H ^'ft!i^-o^m^nx$^^ £ ? k^iH*^^*) 

^> W^O^M^flnXS ft/i^H *JR 19 ^tlg, M^^^-M^inX^ ti'fcln^ 
^»X@^@T?f#«Ofl5V^jf^J?$0 I I It£ftlt%#^#3£ H H H *«#£o i 
oi I llifti¥IM a H B «±i: l »J£JLto I I i^^l^Jf £^J&«i*I£; 
<£ TO^w^ci $ <of- y ylzty V) tBi~Xfl*^TF^o±i £ o^^r-v^ * ( 

[0 0 0 4] 

«±t= I I I J^^%*Sfr^ H B H ^ 100 /J m~2 0 0 /< mHJKJ&g-t&X^i. 

I®, ffSI I I ^MlbW^lit^ 100//m~2 0 0^ m3Ij£j£ 

[0 0 0 5] 

^^>»i£^J±, XfBoi ^ ^«lj£X@**#< , I I immitm 

^mmt g B <DX74733£ mm • wig , ? ^ <d® ^ m tig k it , s b# m * m 

[0 0 0 6] 

i 19 » i < Er5t <*>:*: I I M^W3*#t-v^ ^ £ %>^ttf 

mWtXM 1 1 #12 0 0 2 -2 6 1 0 1 4 
[§M2] #PS¥ 1 1 - 1 3 9 9 ^-<2r# 

mwmm LXit-tz mm] 

[0 0 0 7] 

^itf-g-o^iftftssBi:^ i i i itwiffv^ i ^oaf i^j^sit 

-5 o 
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I ISM £ * tz *b <D^m 

[0 0 0 8 ] 

I I M«##f«t H B B s: t»» e> #st-r & is t £i§r^> 1 1 1 nmum^-mwife 

B H H coff$^ i o ^ mj^j- 6 0 0 // mftT, W** 0 . 2 mmft± 5 0 mm^T"?** I I I 
[0 0 0 9 ] 

I I imffl«^*#lt H B B ^»^^^*5V^T, I I I5£M«/«# 

[0 0 10] 

ttz, *§kW{,zfrfr&i I I^MftW^{«^ H B H om^^^ioV^-c. I 
I i^^%#S#S H B H *^ft$*^XfI^\ T»*lE-hH 1 ffl&±OWP*B«r#"*-* 

±.KI I I ^Sjk% W#lt H B H $ * * IS £ j6*t? § & o 

[0011] 

2 m&±o/bM un<Dm kx^o mi 4:^ § & 0 -t a *> *> * 1 tJ^±© 1 1 1 ma 
f»Tt-ffi*^*T«i*«^i!BPB±twi i ima^t/^#^ H B 0 ^^;g$-e^xfifc^^ 

[0 0 12] 

tfz, *§&mKfrfr&i i ij^b%«#s H B H <7)m^fe^i3v-T. im&>±<oi i 
i^a^tj#*#it H B H *«$*^.xfs^\ T»*#E±fc ii0j^±coa^ H B a ^seg-r^x 

[0 0 13] 

2fc5&w»c^*»* 1 1 i^M^%##f*fe H B H <7)^^fe^i3v-Tii, 1 1 1 mm.it 

[0 0 14] 

ifc, I I IISi»fiMl?)ltMi:J: «J»e»tL* I I III 

o 

[0 0 15] 

###|S H H H co^ft^^ l 0^m/h rfi±3 0 0 ft m/ h r JJJLT fc - fc**T?# & 0 
II I^M-fb%^ H B H 075M%M^ 5 X 1 0 19 cm-*£XTt-fZ>Z.btfX%2> 0 $ 
tz, I I IlIft« B B H «±I^ (0 0 0 1) I, (1-100) E (11-20) 
I, (1-101) E (1-102) E (11-21) 1*^^(11-2 2) ffl© 
7%<D\<*irtLfr<Dmt<D%:-?*-7fti*0 o £114° &.T t -? & Z\ t ti*"C # & 0 
[0 0 16] 

*3&Wt±, ±|BOI I Ht«iM B B B Wl«*fflv^Il$tL/: I I IM 
[0 0 17] 

. 1 1 iitftii^Mimc iwjjuko i i immm^m^Mimitj&Mz^ 

SISi, III Mftt^fMiSft^ J: I I i ma^%^»#is H B aii * e> #^ $ 

ft* I I I itftWfMal^TiM^^t^Ii^M, I I IHW 
^#:|t H B H <7))?$^l 0 ^ m^±6 0 0 M mJ£lT, ipS**0 . 2 mm&± 5 0 mmflTtl) * 
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I I lMW##f^'^?)g»t?*§o 
[0 0 18] 

^mk^s 1 1 i^M^^s^T-vt^^^s^fe^^v^T, 1 1 immtm* 

[0 0 19] 

p®±k 1 1 1 mmn^mm^^m^mm^^r&Jimt^^iy^t^^&o 

[0 0 2 0] 

t± % 2fiueii±©/MiBP«R©»»wj: iji^t^rt^-c^^o hhjbuk&i 1 1 

«^giP«|STMfE-tSTifea6^0WPM-h^I I I mMM#Sf«t H H H 
[0 0 2 1 ] 

I I i iM H B H s«^^«$*sig^ T*aMR±t= i«m±^®M H H H ^sB 

[ 0 0 2 2 ] 

*$kw\"frfrz> i i i M«Wf ^©i^gci5i/>rii, nil 

[0 0 2 3 ] 

£ fc, ;£3§HJ^~^£ I I Iiiftft^ffA'^fDlS^SCJ: «3#£>*L£ I I I 

£ tz li^M^mX b-f&Zh &"C § 2> 0 
[0 0 2 4] 

I I IlSiWIffA'^^glMCi^t, I I I MM 
tt%9¥&fa&Mi&&L<0)&.&i&Bt * 1 0 fi m/ h r J0L± 3 0 0 ^ m/ h r »T fc "T & - *« 

-e#& 0 t/^ i i immitmffiMtmK^mmmmz 5 >< i o 19 cm- 3 MTtt^- 1 

a*T*£*o II U£Mlfc%fe H tt^±®t, (0 0 0 1) 1, ( 1 — 1 0 0) ® 

, (11-20) E (1-101) E (1-102)®, (11-2 1) liiiV ( 
11-2 2) m<Dr> ■t>WttLfr<Vfi£<D%ir*7n* 0° mX4° KTfctSit^X' 

[ 0 0 2 5 ] 

I i HIWi#f^'nt^a 0 

[0 0 2 6 ] 

I I IiIW*^^^|;i5V^, I I iMttfiMS* 
S#7Vt>f .xk^v^t, I I l^M^k%^S#:M B B H»«o«M^^$^^[a£i^ffi^^ 

®ffi£Rp-v£0. 0 1 ^mft±5 0//m£lTht^: fc**ti4„ ii"C, I I IM 

»i«s^)»tii, 1 1 iiiWiftiti^^r, na±©i i im 

[ 0 0 2 7] 

SfcK, ±151 I I^S<bW*#^M^*^tf§&M#-e$)o"C, I I 

miE#2 005-3038435 
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immtm*m#T'U an, 1 1 i^a^ws#^ H a H «t, 1 1 im&im^mfc 
e B B a i«^)f i n % nii 1 1 mM^m^mm t , 1 1 1 jusftw^M 
»e>itnii 1 1 mmitm^mim^m x^om< m&gi-& pini ^s^w^ 
nii i iitfWWMi^^'pii i immm^mm^mo 
mz$LWtz>$k%imtitmk., i 1 iii^ft«M B H B it»Jtwo. sn • cm 
MTt^^ P ai i immik^mfcffiikmomzyyynmL, iniiwi 

[0 0 2 8 ] 

7i3r&& <b 1 1 i mmim^mfcrsu * *&&mm%**]mir & - 1 § 

[0 0 2 9 ] 

mmjfm 1 ) 

(a) £J:cKHIi (b) K^lrZiK, TWl±Clia±©I I immft®&£kl 
0*^g$^*X@t, HI (c) ffcfilHl (d) ic^i"J;9^> iWI I I tkAit^O 
IS H B H 1 0 * Ti&mK 1 ^ ^JH-t & IS i: £ III Jf^M^^ Wlt H B H OJ? $ j&* 1 

0 [i mJiJUi 6 0 0 fx m^T, i|is^ ? 0. 2mm£)i±5 OmmSiT^V^f ifrV^^M 
I I imM-ft%#S^ H B a <7?^^ST^^ 0 II IW&iW}* 

«£ "9 , «o$^3r&<7> iHI I I ^M«#S#fe B B H co* 9 * , mmuUte X x?-h 

1 1 mmm^mm^n nm bti& 0 

[0 0 3 0] 

*nnm&Ki3nz>i 1 1 ii«tM B B H ©i i^st^v^ii, m 1 ^#,ilt 

, I I I m*mfo&&e>£M (HI KfctfSTlIl 0Jfcli±Sl 0 Mcffi^) coW«ii 
. T*« 1 Oil 1 h Offlf J; < 1 1 ^ o £*LfcJ:iK *i &T:«L»«£fflv>T 

I I n^b« H B H ^«i-^»- 

£ J&*T § & o 

[0 0 3 1 ] 

^»MiMtf&i 1 imAikm^mm^vmikjjmt, »l<}±. t^«i± 
ci«±©i i immitm^Mii ozmMz^&iimtLT, mi U) i:ftT» 
miK im&±.omnU2 a*m-$-&-?x?m 2 *fist*i8i, mi (b) c^-t-r 

2 OF?iP§l52 aTttttSTiStl©iniil a±CI I iM^t^fM 
h b h 1 0 *J&ft3«Igfc fc-S-tro 
[0 0 3 2 ] 

01 (a) lz^<1-mnU2 a *^i-&-?X?m 2 *3£j&-f*:Dgte:&v*t\ HP§|52a 
0±§ $KW\ #C<WIR»ifcV^ a^MPiliWw&O. 2 mmJ^_t 5 0 mmJil 

Ttr* * i tf s \ 0 . 2 mmJ&Lt 5 0 mm&TT* & I I I 

v^iti s , ±§$<7)^-^I I lMft»*iM B UfIC#^ L^o m 

umoj&vti*. &Kfflm±%<, p35^rt**« t^itt^i) t *w*?*v^, 
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—Domtmfr^&imt tzi*nt<Dmm*^7o zhK, 1 1 immm 

^mm£M!<7>]&&Z$\\mir& fe©^**L»f#K#IIR(ifc < > S i0 2 , S i 3 N 4 , W, N 
i, Ti4 t'tmt L<m^h tiZ> o 
[0 0 3 3 ] 

hi ( b ) iz^irrimm 1 <vm am 1 a ± k i i i ma-fb^is^ & * i&ft $ * & 
1\ 2iJii±oeB B Bi^otuv^ 7thxj£\ 1 1 1 mmtm 1 o^\ i 

I ilIttflMSlli l^iVfoi I i±KM; 
$iif:H£l±oi I I ^MlbWWMM l 2*6ijft$fL4iO'e*ot:Uv>o 
iOJjfr&Wu I I iMftl^SMi^M^^^Ig!^ TtitlOiPll a± 

ki 1 1 mm«#«{«§ h b b m 1 1 ^M$-*&m 1 1 1 mmiwj^mmsMi&M 

1 l±.Kim&±<?)I I I ^Mjh%#«#:^ B H H ii 1 2 £)&ft£-£&ISi£^tf££: K%2> 

o 

[0 0 3 4] 

Sfc, II immik'tyJMiM i <D]&^m! l zl±^ ^izmm^<, HVPE (Hydride Vapo 
r Phase Epitaxy; Kv-f KjfvffiJ&ftft) MOCVD (Metal Organic Chemical 
Vapor Deposition; ^^^Ilt^vtBit 3f ft) ft> MB E (Molecular Beam Epitaxy; 

^asu^. ^©^i^^ws l < »v^tL^ 0 &^-c&, 1 1 i&s 

, »< T^^Mo^ie^^^^tL-i, 1 1 1 m&ik^^mmsgkm 1 2©Mti±, mo 

C V D mm tfflL(|v^W 0 
[ 0 0 3 5 ] 

1 1 immm^mm^i on. Tiaopinii a_t<75 

mi, v^jgMv^TISPglSopgpiPw fcggPSB^HIPCSWw t (DMff/hZ^t 
[0 0 3 6] 

i i iiiftii*iMii o z±mTM&mi frhfrm-t z^mKit, mzmmt^ 
im^art*:^^ 1 1 1 mmm^mm^^ 1 o©f^y#^\§*^ &u 

[0 0 3 7] 

v-f(:ioT«fi^:Mt^>Mti±, mi (c) £#mlt, 1 1 1 mmitm* 

2»#^ h h h 1 0 ic^^TTWl fc&1-*TM (TiMltM) 1 0 a iT«i«oP8 
□II a fc £ ^-fi: i «9 iaj»f*-* ifctiO, III ^fi^^S#*£ H B H 1 0 fcTife* 
^ l ^ ^Hif * ^ft-e* * o 
[0 0 3 8] 

v*S,*l£ 0 T««lffl^fblx-^f^BS|,j-i-^it^J; 19, Tltti:/^- 

£ 1 1£ < I I I IIjtiK H a B 1 0 tTt» 1 h ££-Hrr& d t % £ tztb 

. Tmrnm & mm urn -t zzt ^-e § ^ 0 

[0 0 3 9 ] 

ttz. III RittfiMSC^O K^> -7 t TifcMcO/^ K^> 

His J; ZFTtik&Uos^y K^f ^ y J; 19 /t> k^> y 7°^- ^ ;v ^- co/h £ v>£h 

mm*. v^^ifMtoTiMti 1 1 j^b%^ H B H ii(7)rHi^^^f^L, T-mmK 
mfrb v-^*mMvxfrmm*®m-tz>z- tKx <k 1 1 i^fb%it H B H tT*^t 
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[0 0 4 0] 

(fckitl^ (0 0 0 1 ) E (l-ioo) I, i^tMItlt 

*m*v^, &tiwic) ^*5v^r#jtL^-tv^®s:fijffiL-ci 1 1 mmn ^mm&^k i 

0*TiMMlU^&*«**3ri3rC*>So fcixlf, (1-10 0) M^Mt-r^T* 

d-i oo) i imm4tm^mm£M>zj&g;Z^, rmmm. 

tin mmtm^mtm&co^m § w-t & - 1 1 «t •? > 1 1 1 m&nm^ t ti& 
mm t*y*-i?*^jt2>z.t&< m%ir& z. t **t t £ 0 

[0 0 4 1 ] 

( C ) * K- tT > ^ LfcffSBfc/u m~Bc+,u mtf> I I I fc&fttlfctirM twit 

zm,&Ltz@z, rnmoi 1 1 M^feSi $ * s c 

{f «£ v> 0 

[0 0 4 2] 

xyf>/i; iotM^itS^fc LTB, HI (d) «r#MLT, J. 
y^v7M*m^r~?x?m 2 is XV I I I^M«#S#fe H B H ^i3V^TTlfeMl fc» 
tJTIl 0ati-;f>/f4ii:i:J:*), I I Illtt#iM B B B l 0 £T*&3fe« 
1 3&*fe^S|-rs*&36***o SisN 4 , S i0 2 ^^^^12«:i7f>7 

-tZ>1zt><r>x-v?-v fc L T l± 7 y Bfcfc ^OJK<tttBI**ffl ^ *U W, Ni, T i * if 

e>4*«iift**fflv»?)tL, I I IJ^M«^Wfe H s H 1 0 Ci3v^tTt»l Cft^TM 
1 0 a i^y "f-y tztb<D J- v ffMh LT li K 0 H 4 if ©SIM^ffl v» f, tiS 0 
[0 0 4 3] 

^^ytt«jt*^ri--5 1 1 i-m&im^mfcm&te. 0001 >#fa 
^mmTtrnfr <b&& m^m tin m%m^ htz& m^m t «n Knm £ ti^ss 

it H H B o< o o o i >#fRj£gifi:fci5fct±, i*7ct^?>^^Jiffflt> i 
i i^Tc^^^j&^^Mfc^ft-t^o t««±^i 1 1 m&im^mu£Mi&< o 

0 0 1 >2rfatejftJW-&||*fctt, It> T»3fe«±**fe*ifSiOjaS^lRlta*5c3(f^fe«: 
^JKT-ii, I I iMTnXfrbte&WL^m. SMjtm frhftZ W.^m , I I IJfe7C*5&*e>* 
&K^f • • • ^)JilI^ H B H JSSi--&^*6, Ell (d) £#MLT, I I Ilifb®^ 
|* H B H 1 0 KiJ^-rTflia&Kl i:it^TIl 0 a fia*5c*5&»fe fcaHC^f-W t & 0 . _h® 

1 0 bfil I IJfeTG^^a&iR^Wfc&So I I I IMtWM^iif^Kil^t 
^i B B a^^ I I i^St^£>&&lE?-m-e&&±® l o b^tiixy f->y^fi 
K<v>3^ M*7U*^^*«)J^?-M^*^TM 1 0 a (7)^^ t (± K 0 H ^ t'^SIi^C 1 

[0 0 4 4] 

1 ^x-;f ^^laotiitSiJ: 4?i4o S i & ^©TJBdfcK*-^ ? ^ > f-t* tz 
Tb<r>x-y<f--s ?M t L x it y v if oflf AttBl^ffl v» <b ft & o 

[0 0 4 5] 

^mmmm<D 1 1 1 iiftifefiMiioisssit 1 o ^ m£Lt3 o o M mirt 

M^mt, 3 0 0 fim^mk^t I I I^M^#*#M h h h^^?L*^O^PiS^S 
A£ft^-f < ^*%&L^t< 
[0 0 4 6] 

4^ I lMftM E H H©Ml*(^ 5 X 1 0 !8 cm- 3 £lK^J 
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:i#iftL^ 1 1 immimm^^mmmmt, 5xio 19 cm- 3 ^iiix.i»t, i 
1 1 mmm^mwm^B Kxm&mx $tt^i-< t^-r < & & 0 

[ 0 0 4 7] 

f fc, *^»S<7) I I I l^fi^M Jlc^W^ (0 0 0 1)®, (1-100) I 
, (11-20) I, (1-10 1)1, (1-1 0 2) I, ( 1 1 - 2 1 ) ®£ itM 
11-2 2) I^ncO^fW^ffit^^tt?^^, 0° m±4° VXTX~jb&Z.ttf 
ffiL^o -1^^% ^-7^i^0 o I I IigfkMiWili:, (0 0 0 1 ) 

(1-100) I, (1 1-2 0) I, (1-101) I, (1-102) I, (11- 

2i) i^iri' (i 1-22) m<7)d ^wv^fti^ffitwe^^i t ZMVa-f&o 

[ 0 0 4 8] 

i§£-f±s T«^^»*Mc0MT-@B^!l^^L7tM, tztjLtfS i (111) I4^lfl I I 
MlhMf H B H l± (0 0 0 1 ) I«SL^tv> 0 £ fc, TlWItWWl:© 

[ 0 0 4 9] 

mmi&m 2 ) 

« 1 ±JC1 £LhO I I IJ^^tJ^B S Hl 0M$^5ISfcU, [12 (a) fc^c^T 

m&mi k 1 jsi±©HPfi5 2 a 2 t^tJiet, H2 (b) c^-r 

v*^Jp2c7>MP£&2 aT^ft-rSTflfea^^gSPWl a^ia f g8PSB2 a£IRl9Btr 
v^^|(7)-M2 b±J'I I iSSftlWgll 0 £j&S£«If!k £#fr 0 
[ 0 0 5 0] 

llilll mSMMB*MMtm& * * 9 m <r> m HUT i:ttft * Tl« 1 w 
1PI1 a±<7)^-J&:g£«<mc*j-U *««e(±vX^JS2 (D^PfP2 aTCttl 
"tSTJl&aMRl cDHPW 1 a±0*3ar&-fMPW'2 a S-JTX *) mtf?X ?M 2 U±M 2 

b±^4> i i iiiM^iM B B a i o -^±3*, mil 

f b%#«f*it n. co j&s t± , -7 * * /f k & v> x n pf 15 co n pi p w t n pgi5 w p ipmww t 

[0 0 5 1 ] 

*mMMW'&^~ci±, 1 1 1 mmtm^m^k 3 * i o ^ist*^ i * 

JfttLTIi, 1112 (c) * J: trig 2 (d) C^f J: 7 f > J: o tft^Kl i:5- 

Ht^*W*Lv\ HI 2 (c) £jjr*-J:3fc, 7y»4tC«t14Sl« > l 

KSiOz, S i 3N4^k ? co-r^^li 2 *x?fv/UI, EI 2 (d) K^;-fJ;?SC 
, KOH^^S^fflv^I I n^b%#S« H B H ^i5v^TTit!i«l t:itST 

mi 0 a £^ 7 f- > y-t& c t k x y) , 1 1 1 mmtm^faffiu% 1 0 ^t«^s 1 tf» e> 

^lt4c ^MCiJ^-cii, v^^»2**l I I KM^«#I£b b h 1 OJwistt* 

a-e*2>S^7C*^^^^>il^Mc7)^7^^^^^^ 
[0 0 5 2 ] 

^JfcJBJRfc^t* I I imft«^S#M H B H co^iSJK. ±®i 

[0 0 5 3 ] 

(*»lt 3 ) 

ttM 1 ±t: 1 J^UO I I I lilMii 1 0 ^M^^^If t It, 113 (a) Km 
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irTMmmi^ 1 &±<DfflnU2 a*%1r&-?x?m 2 ^It^Ilfc, HI 3 (b) £ 
* Jf 2 ©MPffi 2 aTC»^T*it»liniSi laCIII TMmitm^m^ 
ftsgk 1 0 tHC, vx^Jf 2 ±i:WE^L/: I I I mmk'^^mfcU 

ttRlSMII 3 *J%9:Z^2>Xmt *^& 0 III M^«l^fM H B B 1 0 *3 

ivn i iiftiif Mtt^Hi 3 wiftii, -rxtmK&^xMagwmm?* 

[0 0 5 4] 

ti-c, ttttj^RK-r* tits iii Ma^%^Sf«s B B H^^v^-c, < h k i u >wtc 

mS^^-TS (h k 1 u) It (-h-k - 1 -u) ffltSriJKtSJS?! 

$$7t%frb%2>m=?-m, 1 1 iWiTtrnfrhftzisL^m. mmTtmfrbft&jM^m, 1 1 i 

M75iS^&&ISH 1 S • • ■ (DMX^ fztb, HI 3 (b) *#JffiLT, IIII 
Bit® l 0 l^V^TtStl Cttl-TI l 0 a fiM«7n3it^<b&£JiC^-Wi 

^ ^ «9 . ±n o Mai i iwm-frb%z>fc=f-mt-bz>o 

[0 0 5 5] 

i*ii:WLt, s i o 2 > nu t i %t*<D-?x?m±it~i i 

-7x^ii±^'bS a B Ho^^r&]^ > i i i^^^^^^^Ji, a* 
TnsR^^**^*. 1 1 iDe^^fe&sm^*, mm%m^h^^^m- • -<om 

xmgkJ&^-t&tztb, H3 (b) £#MLT, I I I Mit!|**#traig B a B }:*^ 
tvx ^Ji 2 i:itl>TI 3 a til I I jfe5c*j&»& ftSJg^lfi t & D „ ±13 b (±M*x 
W^^M^^o Sfc, II IJ^k%^S#:^ H B H {±, ±&<D£d^ I I II 

P) (± K O H ^ if W3S^3felw «t o "CM Cx y f - y ^£ o 
[0 0 5 6] 

**ifii:*v^i^ i i im«« b b b i o^±ier«^i 

^^^•itSIStLTli, IS 3 (c) C^ti^^ •v^^* 2±tc*ftLfe I I II 

btj^s#*ttR^ H B H 3 £ ±m 3bt*4 mmytmfr m^m^fr ^koh* 

t^(D^m^m^X^y^y^Ltz^ S i 0 2 , Ni, T i tt t~<D~?7,?m 2 7? 

o 0 3 (d) K^irX^^s K0H4MIMv>tI I I liiti^** 

*£ B B H 1 0 K&v^TTJtt^l Cttl-TIl 0 a*x?f>m£ki:J: •? , III* 

fi-f bw-^s^tt h b h i o * i ^ e> ^ssi-r &^t wt* § & 0 

[0 0 5 7] 

1 1 1 Ma^tJ#s#it H B H <7)TM<7?ma^i: < * o _Li2^ y^-y y&mm 
t-%2>m&it, mmtL^^\ 1 1 imm.im^mm^^t'rmmKt<D^.m^ v-*? 
?£ t*x*®m-f& zttzxt), iii mmim*mm%M i z±mTMmKfr hfrm-t* - 1 

[0 0 5 8] 
[0 0 5 9] 

{^MMM 4 ) 

*hmk*3}^ $ e> ^soo 1 1 1 ma««#i§ H B B <7)M^-feti, t»*k i ±K i 

«J^_t<7)I I Iit«ill O^M^tl-IgaT, H4^#1LT, EI 4 (a) 
HHJ0L±*1-*^^^*2 *3^JK-rsXgfc, HI 4 (b) |:^ti7 ti>4< fcfe;©v 

x?m2<Dwnm2 aTtffiit*Ti*« 1 ©bps i a_t&ci i ima-fbw#« 
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Era 1 0 £j&g$«:DiIi Sr-g-tfo 
[0 0 6 0] 

m □* 15 2 3&**: § < & S 15 Mft-t* & I I I II, 1^7^ # ? #§£ L 

i i jfeffl^aMMS <v??y? §k8L*mifrt& - « # a o /M»n«s k J: a 1 1 1 & 

Lv>) ^2 0 0 ^ mJtk±~?&\ziz% < , * 9 v 5 $r5&£$*1*fcttW*5 0 0 0 0 ^ I 
I I ^ajb#J^2»#:fe H B H $ & i % T5Tif! ^ * „ 

[0 0 6 1 ] 

EB5*#ffi[Lt\ v^^il 2 G9MP3K2 a W\ 2 fflJSLh*VJ>IIBP« 2 s "b^J&S 
tLfv>4 0 *HJP*P2 s o@B?m#KMPli±&v^\ I I IMWiM H B H ^^-t 
j£ft3-#««gjiKj&»fc, *&— fc— JfeOWNB^ /hggp«BO"=f^ s IE=^^7t(±IEIzg^i^^ 

m± 2 0 0 // m£lT*ft t < , /MIP«S<0|BJ»Ps 14 1 ft mil 2 5 0 ^ mUTWt 
Lv^o /jNPBnflJ^WWs^O. 5 ^ m5fcm^&& k&m%7 * F'J777 7^-«t 
£ & < 4 !9lBi=3* h*«±**«3 > 2 0 0 /im^^i I I I1IW1Mh b h ©^ 9 

y ? * mm -t & »***i£«i- * c /h m p * ^ m m p s ^ i ^ * & t ^7t> 

[0 0 6 2] 

v^*6. inil a^^TOO/hP^PM 1 s ±<Dfr%h-f-?X?U2 p±t:4 I I I fjffi 

<t:%#W^ H B H ^«l-^o «»Fj^i3^-s 1 1 n^a^W«f*^ H H H o^;ft 

[ 0 0 6 3 ] 

immm 5 ) 

^S&lBfcj&^a $ <b KBllO I I I mS4btJ^«#lt H B B o$^t*fe«, H 6 £#MLT, 
T«ftl±i:iM±cOI I 0 £j£g£«:Diii Lt, H6 (a) 

t^tTstssi \~ \m>x±.<r>wfc& 4 *E«-f sigt, me (t>) n^-ra^NM & 

mthXI I I mSfkWS^fft. 1 0 £#tr 0 ffl£ H B H fi. # 

C«IIRIia:v>#, n n pK«0J;v^H B H ^#* J«£« -5 I I IilWI 

#*$ A |WI«co|t H B H * £ t5*0 £ Lv\ 
[0 0 6 4] 

a^ H B H «r@fifit-^ 1 (H«Jl 5a) t Lt, T*&&* 1 Jh£«*&ilt 4 £isv> 

*ifc3&»^4<, 1216 (c) l:^ti^t, 'J?L<Dt>*1m*-tztztfXI I Illftlfi 

#:|§h b h i o *Tiki&R 1 3&»p>^*i-* £ t ^-c § & o i i i ma<b%¥*«^ 1 

o 36*T*afe« i bfttiK < v>»^»±, 1 1 1 mmitm^^m^-^B 1 o csJtiT* 

©Sill: iotx 7 fy7't^^H:J;^ III WS#ISh b h 1 0 ^T«« 
[0 0 6 5] 

ife. ait H B H ^SESi-^»Sij0^fe (11115 b) tLT, 137 (a) Si^fJ:^:, 

tim i ±cti 1 1 1 mmitmm^ 9 *^t«m 1 «ja±oiwpw 2 a 

^-7^^/12 ^^|2p) *Mt*IS, IH7 (b) RIP«2aT 
Si" ^> I I I Mffitt^il 9ati?fvm Ii, 121 7 ( c ) K^-f 

[0 0 6 6] 
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mmm 5 b \z^x^ m.m&4 t lt^om i i i Mkwiitt lt i 
1 niwiMii o^s^r, i 1 jMa^w H H H ¥##^ H B B 1 

0 MttSTHiiM 1 (vm&m^ Cit^TSl Oai KX *) WWIr & z\ t 

J: On 1 7t Ji K O H & if^aitSUfeK iotX7f>n-&-ti:J:^ III J&aibtJ 
#:|* H H H 1 0 £ 1 ^ ^ & - £ £ £ o 

[0 0 6 7] 

tHS:^ , L < t±^!bMa^/jN £ v> £ <h ^ ^ , £ it £ £ £ & < flirt* 5 0 

ooo^mci i i mmitm^-mmsBi * j&s awn t & & 0 

[0 0 6 8 ] 

i&ra i t iwe* & o 1 1 1 mmm*mwifeik<D±m& «t o^m t ra® t ^ * 7 ^ 

(Dm^mmzmLtzm, ^tiifsi aiDWfc&arii iitftti§ii± (ooo 
i) M^ftb^-rv^o mm^(D^Mhhz,mmt(D^yn 1 1 1 i^a^it 

[0 0 6 9] 

Tfi-txiK, ±.tmtmm 1 5 k^x^-t^ 1 1 1 MMfb^#«#^ H B H 1 

0^)^(±. Til 0 a^i^lll 0 btfiKmmx&&^n¥-mK (EI 8 (a) ) > 
Til 0 ai5j;{F±Il 0b««*^EitTO (HI 8 (b) ) IfcliTIl 0 
a is £tf±M 1 0 b^H^f^-e$)^H^¥W (m 8 (c) ) h&O^I-v^ i^-e, 

SC^tiM^ ±|S7^A¥«N Eg^¥«S ^ttH^¥«^)TIl 0 at fflOlfl 0 s <hco 
MJI^J&J^fM:: i •? , 3 0° -9 0° (Dftm * t *) #£ 0 _LfBtf>£ 
0fi, 6 0° 43 J: 9 0° flOf^iSit^o 
[0 0 7 0] 

&43, EI 8 \zi^-f i -9 Ill ItiWffMal 1 0 OiJiWt l±TI 1 0 a &c43tf 
£-ooStl^v^3£^{4^to^lt£v>v^ I I lMWiM H B a l 0 <DW- 
?Thli, T® 1 0 a t_h® 1 0 b hco^M^^l o 
[0 0 7 1 ] 

(*«PJ 6 ) 

*&WKfrfr&— -=><v I I I Mfti^if^^ xotl^Sii, EIi^#BSL-r, 
Ell (a) 43 J; Ell (b) ^tl?C, T*«l±^ 1«J^±^)I I I MAit^J^r 
fMilMi l Ell (b) K^i?^ I I immiWo^fe 

m^mK 1 1 ±k i »ja±© 1 1 1 mmtm^-mm^m 1 2 w^t^is^ ei 1 

(c) ifcliHl (d) KtfItZiK, I I I ^M-fb%*»#IS B B H M 1 liJitfl I I 

mmm^mm^^m 1 2 frhm$cztiz> 1 1 1 ^a^#s#^ H B H 1 0 *ti&« 1 

5>5-It4Iig«:^*, I I I M-ft##*f$MH B H 1 0 <Z)JP$7&* 1 0 // mill 6 0 0 M m 
ST, HM*0. 2mmJ£Ui5 OmmJATt^^I I I Mftt*i#f ^ ©it^fe 

[0 0 7 2] 

^«M^45lt^I I IJ^b%#S#T i V?^x<7)M^-a^43V>Tf±. H1*#RR 
LT, I I I M^*#*NU&ttU 1«0±® (Ell K43&t&T®l OKffiS) ©I«li, T 
Jfe3£#n co±® 1 hWltJ; 19 /h£ < T?§ So iiU:lf), ^I^TtSt^ffiv^^ 

eskj^o^^^^^^vm *mm<vj:£ $ will ^m^^wt-v^ * 

[0 0 7 3 ] 
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l±l:i«±©I I iMmfslStl 1 £J&K£«I5fIt LT> Hi (a) &c^j 

triiu \z imvx±<DmnU2 a £^i-&v^jf 2 &^j&-r&:Dii^ mi (b) 
1 1 tv^M** mmmi iz&wz 1 1 iM«##^ H a H i 0 

[0 0 7 4] 

mi (b) t^t±?t, ±121 1 immm^mm^mKi i±k, usrn 

±oiII M&ft^aMMtM 1 2 £)«£«o J: d KBSK?-? I I I Si 

mim^mitm^mK 1 uci j»&±o i i i mmim^mm^m 1 2 
xg^Ktt* - t k j; 0 , 111 mmtm^mm^mK 1 1 & £ v 1 i i ^s^w* 
magum 1 2 *<b*jfts*L* 1 1 1 mmws*mfem& 1 0 nmrnmiL, £ ^ ci^ot 

® ^ y *7fc<?)3Lm*%*lk1r i <r tf\ 1 1 1 JliMlbMWfS.fl® 1 2 

jM3r£^J±, #KHWR35*&<, H VP Eft, MOCVDft, MB E&ts: t*<D&mmm 

<fflv»e>*L<& 0 

[0 0 7 5 ] 

01 1 immitm^-mmt^m 1 2 tu, nii 1 1 ^sibWM^jie 

2 1 nIG a N®, #&3fcJi 2 2 I no. 2 G a 0. 8 Nil 2 2 a^iVA 1 0. 2 G 
a 0.8 Nil 2 2 b, pill imm^m^mi^^m 23-C*&pSGa NS'SrJK^S 

iit\ nil I I 5£^tWS#M H B H « 2 1 , 2 2 is J: V pi I I II 

Aitm^mm^^m 2 3&\,>irM 1 1 iMftfWg^Mi i^3£®±, -r&*> 

[0 0 7 6 ] 

i^ttL^v>#\ 1 1 i MS^ws^isji/i 1 2(7)ft±M (pan iit^ 
%#s#^ H H H ii 2 3 o±m \zm m) m mmzfmLtz^ mi u) ttzitmi id 
) kt^-t x n k, 1 1 1 mmitm^m^m^mm 1 1 1 1 1 1 ^a^^^«§ B H H ii 1 2 
1 iitftwiftgai 0 £TttafcKi j&»e>a*rrao -^1 1 1^ 
i^!i^iM H H H 1 0 ^Tiit 1 3&*?,^«i-r*^fe»±, mm&n 1 fcra*-e** 0 jbjl± 
©i^K, 111 mmm^mm^^mm 1 u 1 1 1 ^mm^^i^/i 

vWMU<oy'*'i t tiv>£Mi>> 1 ?>±® 1 h fcraiarspfi 1 izmmztix^z> 0 

[0 0 7 7] 

Sfcfc, H^iiLfcv^ TvWdfcfcl frhfrM^tz I I Ileitt*f#l 0 coTM 1 
0a (IIIIiWf#i«ll©TI(:ii) KnfllStMtiiiKioT 

[ 0 0 7 8] 

H8£#HSLT, ±ibi i immmm^i imw^*^ 

ttHfcspfltffc^tt* t «9 ^i" < . £ <D^WL<D%m 10st TI 1 0 a <7>&1-£i 5 ^\ 

3 0° £l±9 0° aT^*fct)#^-H^, ±iS«Ml5 Kj3V>T#<b*L&#^#: 

WfflItTIi04tftSfe, 3 0° m±9 0° &T<&fc*fc O&So L»'ot, 

Rl^-e^^o iOitfi, £IT©»1 7 1 0 Cint^^^M 

[0 0 7 9] 
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*?mimv> i 1 1 mmm*mm%M i mu<DmMmm±, 1 o n mjaLt 3 0 0 M mm 

T-e**ifc Lv> 0 1 1 1 j^fifbt;^2»#^ B a a Mo^;ft®s^\ 1 o^m*it« 

*>4 SSft^jPteT U 300/,m£,1S;i&hII IIlftlfW^iSC^L* 
if O^Pjg^A $ tL^-t < 4 •? * 9 y * ^ikL^f < ££o 
[0 0 8 0] 

*«?F^O I I I ^»b^#SS*^<07r:*Bii&«l«ti. 5X1 0 19 cm- 3 KK' 
iiWt LV> 0 I I I IIftliS B B a li^»IIIi, 5 X 1 0 19 c m' 3 *mk. 

si, 111 mmt'm-mm^Bm^iK.m^mx zti^-t 9 &&!kv*-t 

[0 0 8 1 ] 

t ti, ^mmmm<D 1 1 1 j^m«^ h b h m^±m t > (0001) 1, (1-100 
) m> (11-20) e (1-101) Ms (1-102) m, a 1 -2 1) w&cfc 

(11-22) M^d *><D\t>'f t tliP><D'Kt<D%:ir*7Mitf** 0° &± 4 ° J2JITT?*<&£ 
t#lffiU>, £i"C, t7^^0° fcli, I I ii^a^M H H H Mo^Mi:. (0 0 0 
DM, (1-100) E (11-20) I, (1-101)"®, (1-102) I, 
(1 1-2 1 ) MiSirF (11-22) M<75^ % (D^-fizfrcom tff±Fff-?:-& z, t 

[0 0 8 2 ] 

H-vm&ii* T&^<D$m<DM.=3rmn$:mLtzm, tztjuis i (in) raafctfi 

I Il^b« B B Hi± (0 0 0 1 ) IfMWtv>„ T%«oM^&*itiStW 
tOt7^tI I I MlkiS H H H »o±S i t © * 7 ft I i is i3 tf ia-tt ^ 

o 

[0 0 8 3 ] 

mtmm i ) 

*S&IK stofr & BO © I I I * >f * i± . #hs fc, T 

Jfi2&Kl±fc:ifflELLOI I I J^ft^l§B s H ^« 1 1 £j&:ft£-£&Xlli: LT, M 2 (a 
) ^^1-TAfe»l fc: HHJa±OHP«2 a ^^r-r<2.-7^^^2 Zl&J&irZJimt, 19 2 

(b) i:^fvx^i2 (75WPSI5 2 aT^fig-T^T^M^PBPMl aisitfWPffl^ 
a ^^f9Htf-7^^)S<7?-§|5±M2 b±&ci I I MS^WSfrltiWlU 1 
£X@fc£#tr 0 CL£T\ I I Illtt^lffifaltl 1 fcjfcSS itffc 

# (4 > mmm 2 ^ & n %> 1 1 1 ^sit ws#^ H H H 1 0 * £ « x t 

[0 0 8 4] 

^2 (b) K^-f-J;? «Il5^»:Lt, ±131 I Il^bft^ 
*&£*&±K 1SJ£JLLcd I I Ili{kfefiM B B H il 2£j&ft£« 0 2fcv>T, H^te 

l*v^5&», 1 1 1 mmitm^mwm^m 1 2ot±i}:piii^»^o 112 

(c) £J:OTI2 (d) tc^i-ia^> fcP!I*i:LT, I I IM»f# 
IS H H B «i l^ivi 1 1 1 2 fta 1 1 istftt^i 
#M H a H 1 0 ^xieT««i *»^^«i-r*o se»i:, a^iiLaw^ TM^mifrbfr 

* Lfc I I I BSfifBlfo^MM*: 1 0 OTB 10a (III J£M«^h»#«& 1 1 ©Tffil: 
[0 0 8 5] 

Ii:MJ:©t7ii:MLTIi, MM^fM 6 ITO?**,, 
[0 0 8 6] 

(H»St 8 ) 

*3&58 I'**** £ 1tm<D I I I JfeSSE<k»^*#7*^^>f 7s <D9M&3m±> M 3 ^#ILt 
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s T*Mfcfcl±fc im$k±(0 I I I MafbtJ^ H H H « 1 1 £jM£«Xfit LT, HI 3 
(a) C/7tTWll lfl|JBl±0|«PaP2 a£*-r&-7*?»2 £X@i: % 
HI 3 (b) \z&-t^x?m2<DWnU2 aTt:tit^T»St©iPIl aCI I II 
t«^iM B a a l« v^^f2 ±^Stt^K*HL^ I I I 

fogf £ 1 0 $ M «t t £ o 

[0 0 8 7] 

H3 (b) ^ti^t, H»3Si5 fcRMUfcLT^ XfSI I i^aikws-* 

L&v>#\ I I I ^S-fb^S^jBfM 1 2 o«±®^pl§iJlSS^f^1-^o #:K> El 3 
(c) # J: tfig 3 (d) tc^i-J;^^, %ffiffl& 3 i: HHIK LT S 

ttA&$u i i i i m&ft^^ffcNr&JB 1 2#><=>#jfcs*LS i i Hiftti^fM 

H 1 0 £XffiTI1iiMU ^<b^MI1-So ?p>^ El^liLfcv^ TiMl^^f L 
fcl I lMffi»l 0C0TM1 0 a (I I IllftlflWl 1<£>TMK>M 
) £ n fllSSIItt itiCio -C^##t-VsM * lb a o 
[0 0 8 8 ] 

[0 0 8 9 ] 

(HJfe^JBI 9 ) 

aMfcEfc**** $ <b KBIlo I I I M^^if^v^ ^ ©l^ftii, T*S« 1 ± 

kuhj&uk&i i immmm^WLi 1 £$:g£«xfit lt n hu £#rblt. m 

4 (a) ic^i-J: 9 fcT«dfcKl±fc: 2timJ:<0/MHP«B2 s ©St «£ QJ&j&Ztizmu 
B2 a * lf|JeiL±^r-f 2 tMtSISt, 14 (b) Kat* J: -5 < fc 

*>£Ov*?jg2tf)gapgB2 aTCtlt^Tiitl^iPIl a±£I I I 

^m^^mi i ^&T.mt, iwj c < si 4 (b) c^tJ:^, 1 1 iim 
tj^s^H a H « lUKii^oiii mmm^mftta&m 1 2 -sxfi 

[0 0 9 0] 

H PfflS 2 a cd^ # $ ^ # < * & 15 ^jSSf * I I I t»fkWtt&36*£ 1 1(^77? 

t^-r < & a #\ hps 2 a £/Mn psp 2 sosc^ ^j&-r a - fc k 

i 19 , 111 mM^mw^^u 1 ^s&^&jqnw-*-* - />wp 

BBfc: J: * I 1 1 MlkftWM^tt^)^ 9 ? *}qittHi*tt % I I I ^SlM^JIMt 

te*Btf*5 0 0 0 0 /< mCD I I I ISftWiMilM^iS^^S £ £ i>*tffit 
[0 0 9 1 ] 

185 *#JHLT, v^^JS2<30WPfI52 ali, 2 JgLtO/hRIPaB 2 b <S>fN>ib^£ *L 
tv^ 0 /hHP«2 bo^J(±#KMG&{i&v^\ I I IliWiMlIt*^- 
Izjfc&Zit&m&frh, £— jeoWHITN IWPfflSO^^iEHAil^S/iliiEEaA^O 
HjSC t^lii^ ^IB^iJ $ titv^i j&*«pi Lv> 0 i /MSPSPOilSWs H 0 . 5 ft m 
MX 2 0 0 ^ milTifi L < , /MMPIBOWPIIPstt 1 ^ m£Ui2 5 0 ^ m&TjW* 
Lv^o ^PIP<95O(iWs3&*0 . 5 ft m*|t*J^I4 7 * h'JV^?7-f 

iBtn^h j&»_Lj&* D , 2 0 0 //m^^}:III J^tW^^fcftilia&KO 

* 7 7 * ^Mt^ ^> o *H WRS P s ri* 1 ft m5fc§tT-& 2>£&mts:7 

* >'J V797'f-WCi4< &<9S£it3X h**Jb&*!K 2 5 0 ^m^^x.^ I I 
I ^S<hW*#:|tH H H M<7)^ fcWiWI" S 

[0 0 9 2] 

*^*fe^SIK*5v>T{±, XIBco J: 3 t/jNlBpasoBWs^Ji^HIPaJ^IBIRIPs^^ 
1PI1 a©i*ft©^WPliil sXO^&fb^^§B2 p±tc& I I I MM 
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[0 0 9 3 ] 

mmm 1 0 ) 

$ b \zm<o 1 1 1 mmitm^mfoT^j xom&nm*, m 6 l 

TilSl±tl£l±©I I IIt«g B B a i«l 1 Lt, El 6 

( a ) K^1-T*&ft« 1 K 1 ^±<^aj»A 4 ^SEg-t JIgt, 111 6 ( b ) H^i"®^^ 

4*thLti i iMfti*$Mliti 1 £M£«:i:f.§i:£ilrfro --^ a 

^Ute, #KWjUi£v^\ p°pK^J:^j|t^*#*^^fb, j&S t "t" £ I I life 
[0 0 9 4] 

*c 06 ( b ) Kfc-r i ? c «m 5 1 l-c, .tie 1 1 1 mmitm^-mit 

i±Ki«m±oi I I &g<b%4^te*&M l 2£j£S£« 0 >k^x\ m 
jFttLfcvvflt, I I ligft!|fiM H H a ii 2©*lICpfi!IS^)StSo 

[ 0 0 9 5] 

&c (c) te^-fxi^ mumms tmm^Lx, 1 1 immm 
h% 1 0 ^±iht&«i j5» e> So ^njfe^sst-^^r, mmmm5 atRtc, t 

l±Cil£ H H H 2 Sr«v^»>fr («^^ 10 a) Kti. fl|t H B H 4 LtML 

f:i 1 1 mm.itm^mm$¥n 1 0 ^t*« 1 titta - 1 < > ^lo* £un;t 
fe^tt-e 1 1 1 ^a^^»#it H H H 1 0 itrmms. 1 * £ t # & 

[0 0 9 6 ] 

fIS H B H ^@Bei-SSUO^ft (^JfitfBJgl Ob) fcLT, 07 (a) Kjjr*- J: ? 
, Ttfi3fe« 1 ±KTife I I I MmitmSgk 9 ^MtSIg, 1 «±©1P^ 2a^ 
-fS^*** 2 (•v^^g|52p) ^iif^m HI 7 (b) IZ^ItXiIZ^ P3P§|5 2 a 

T^fie-r^Tifei i a ^x- ; f>mm m7 (c) tc^i-j;? 

[0 0 9 7] 

mmfm 1 o b ^^v>rt±, afe H H H 4 t lt^^^t^i i immmm^mt lx 

I I IMWIMh b b «i l £j£JI£-e-c, z<d I I IMttflMIIfti 

i ±&c i Jim±cD 1 1 1 mmitm ^^ B m 1 2 £j&g$^-c 1 1 1 1 0 

*3^JftL (17 (d) , ;©n 1 J^M-fkt/^ H H H ^«#M H H H 1 0 Visits T« 

«1 OfHtH.4 i:gtl.Tffil 0 a U-*f & ifK X t)$)WrirZ> £ £ £ J: <9 , ifcliK 

o h & ^osft^afen ioTiyfvmiieii), 1 1 1 i£ffi^ws#M H B H 1 0 £ 

Tife*fcU ^^ItSi k^-eii (m7 (e) *#JRQ o 
[0 0 9 8] 

(*»«=1 0 a £ J: 1 0 b) Mv>T(i, Tiffed 

5oooo^m©i i i mmtm^-mfemgk £ j&s a^te fc * & e 

[0 0 9 9] 

$<bC H7Pt4L4v>** % TtltH^^f L/:I I IMW« B B H 1 0«T 
Ml 0 a (II IliWiM H |«tl l^TICffiS) CnilSMt^ui 

[0100] 

±i5*»H 6 -HifeMt 1 0 c^v^-cii, TifcMi H^I 1 1 ^ffl^WS^JI 

1 0*, u-ifjisitsfetiiy f^^tioT^itiic, ^utmt&s 1 1 imm.it 
, &rrm o m 1 4 & x z?m 6 , hi 7 k^t, i i i mmm^mm^^ 1 0 <^ 

fcfJBE# 2005-3038435 



#M 2005-117967 



^-v: 15/ 



ttJL2*6^s**I^±i"*o i/^ -OlHiaftMoSMffi^ Rp-vii, 0. 0 1 ^ mm± 5 0 ^ 
mjy.Tt?&& £ Lv^o Rp-vt5 ? 0. 0 1 ^ m^f & £: Sfeeoflfc & fcB L=WO|rJ 

[0101] 

(KIWI! 1 1 ) 

i osr-g-tf 1 1 iMttftft'f/NM^t^oT, ±i5i i iwmikw^mfaffifki o 

iil I I ^g«^*#:M H B H M 1 1 fc-f-©±^J6§^re,tL^ lil±<^ I I Iftlft 
[0 10 2] 

±I3^S#T-V^x(i, ± I? m9£#HHLT, I I I IMjhi^iM H H B 

Ml lJtC l«m±<7)I I IIlW« H B H il 2 tLX, nllftifiM 
H B H iS2 nIG aNi, H^Jf 2 2T"^^ I n 0 . 2 G ao. 8 Ni2 2 a * J: Zf A 1 o. 

2Gao.sN*22b, p M&ft®¥&fc&M*m 2 3t*«5piGa NJf^lI^M $ *L, 
Zhizi I I MM«¥S«f H B H 1 0 WTI (III 8i£ttft#&ft:&A&tiE 1 1 OTffl 

k*b^) ^niumM5 i,ii immm*mitm&i oco±m (pMftw^*»:«rji 
i23 ct5±m Ki®m) k it p ti mmmm §^LEDti tmi- * 1 1 1 mmtm^ 

if*7-V^X9 «K t*9 8 *|&-r*o f£:ftS 22^, it tx.it G a N* fc 

1 no. 2 G ao.8NJB0 2Jifl|A*^JiSfc^MQW(lfulti-Quantum Well)fl*i££ LTU 

[0103] 

mmwrn 1 2 ) 

*^^^^^SIJco#*#:^nM^(±, mi o^tMLt, I I Iltft 

i|**M H B HS« 1 lt*4Ga NM±C 1 ®m±0 1 1 1 ^M<b^S#:MH H Hii 1 

2 t LT, ilGaN|12a, ilAl s Gai- 5 Ni (OSx^l) 1 2 b 3&*ffi#tfBj& 
S*U 5 &|: i 1A 1 iG ai-iNl 1 2 b ©±IHV-^IM5 3 , ^-M«5 4*± 
t>*KW >lt5 5#M?ftfcHEMT (High Electron Mobility Transistor ; A« 
?#»«h7>y^^) LtlitS^i#f/^^ 1 0 0"C**o 

[0 10 4] 
(HWJt 1 3 ) 

*#&Wfc:fr:frS3e>fcSO<0^#^t^;U±, JMfcftjfcWu Hi l£#MLT, I I I 

mm^^mm^^m. 1 it*^Ga nm±c i m&±o 1 1 1 j^tw^aMfcs 

H B H 112tLtii-lGa N«j&*J£j£3*U mS4tWS#*iirH B a^R 1 1 O 

TIt:t-5 '^lft5 6, n"IG aNi©±I(:y 3 y F^-l§5 7 $ *Lfc 

y h^-^^^-- Kfc Ltiifl,^f^M^ 1 1 o-e*So 

[0 10 5] 

(»M 1 4 ) 

*nwtc*»^sse,tsu©#S'»'7 : *^-f^ii. Mcfc&j^it, mi 2*#ilt, i i i 
^Mjbt/#2i#i$ H H H ^« i it*jGa n2mr±k\ i ia±<o 1 1 1 mmikm 

h b h® 1 2 Ltn-IG aN|12 c#M$*U ^n"IG aN|12c <Z>— SW&fc: 
p Mil 1 2 d £ J: CFn + MH 1 2 e Sr^lft U I I ^M^«{«t H B H «« 1 1 

OTIC K W >1S 5 5 n'lG a NfW±Ii:y- US 5 4 , n + MJi 1 2 e <D± 
Ii:y-XgS5 3* s f^$tL7^«MI S (Metal Insulator Semiconductor ; 

mm^-^mm h ? 9 1 L-citt-sfi^M * 1 2 0 -e*4 0 

[0 10 6] 
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(fiMJi 1 5 ) 

m&7**4 ^*^rtrl&3fe«#l 3 Otibot, £<7> I I lMW$*f^^li> I 

1 I M«*S#I§ H H H «« 1 It, II IM«WMo|l«±Il 1 a 
OH£, nil I I^a«W#il2 1 ^ II iMftl^Wtl H^Itn 

miii ra««#^ H B H /i 2 1 «t o it < Mfi-t * pn 1 1 M&n^mmt&m 

2 3 nii 1 1 mmm^mms&m 2 1 & x xy P m. 1 1 1 ^s-ft ws#*tjiJf 2 

3 *>IW 2 2^i£, III 2H&ttW¥$#itti£|&ft 1 1 »Ifc«i5 s 0 

. 5 n • c mjaTT?* <9 , pii 1 1 mm.im^mm$^m 2 3 on * *rv ymm u i 
1 1 mmtm^mmtikmK 1 1 o±m t Estu^^m-?* & * 2 in* 

[0 10 7] 

tODKUftTii, m^Sf/L^iSv^^^fr^S^M (i2 0ill lb) KnflJ* 

& * i£ it & o , /h s M^-t ftfe^iftHP^-enfli fc r r t *«e £ ^'fbJfe 

o 

[0 10 8] 

Ilfbi^iMiil 2 3 co^Mi' p 5 2 £ fc # , i^mMSrM Lfl 

[0109] 

1 6 ) 

*»Wfc^*BllOlfe3fe«»tt, Ell 3£#MLT. _L|BO-ooi I 
#fV^x^^tfH*Kl 3 0^ot, ceo I I I SeS-fbW^SfrT*^*^ I I 

I Mmim^r mmSgkmK HOGa t . G a N3£*<0» 1 ^±M<7?ffi nil 

I immitm^m^^m 2 ITiinIA hGai-xNI (O^x^l) fc % GaNi 
nIA 1 1 G a 1-, Nii ») I < Cfiit S P 1 1 I I ^M<h%^S« H H H if 2 
3 pIA 1 X G ai-xNI (O^x^l) t, nIA hG ai- x N«^ir>*pIA 1 

xGai- x Ni<7)FI(:ttt^|l^i2 2t*fi, GaNil«« lO'/c 
m 2 fiTtl) 19 , pIAl,Gai.xNi©fl*^f>^U G a N^Omfie^ 1 <D^ 
IiCTIJO±ffit*^i2«±ffi*e>^*Mt§^^tfJ:t^o 
[0 110] 

*&»ffi*te»i-a£fctt#£fc<&*e, ±iaco^^s^^tt^f^fflg&*^ijnx.T, Ga 

[0 111] 

G a N it*?), ^ *-ft«EIi&& t < 

[0112] 

^%mm<D^jmm~&^x , 1 1 iM^t is H H H Mt^i> g a N«a, si ( 

XI 0 17 c m" 3 ~ 5 X 1 0 19 c m" 3 OHH^2b I? „ G a N2fcK<0ff 0 0 /z mJ^±6 
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So S i m^&xv/t fciiOMfilie*»i x l o 17 cm- 3 *ti^*>sh^t^{4^;^ 
v>**Jfc3ft#L**:*:§ < £ 19 , 5 x 1 0 19 c m- 3 *m?L2>tSkl£mZ'hZ < ^^^1JI$^ 

[0 113] 

$ & £ % IHb^^ £ 1ft * <& SLto , £MK O S i ® ^is J: I>V t £ tt O JBK^aiflE** 5 x 
1 0 18 cm- 3 m±2 X 1 0 19 cm- 3 mT\ MOJ|E$^2 0 0 ^mJJJL±6 0 0 ^ m&*T& 

S i M^Fi5 J: Of/ 4 l± O ISS^aiJE** 3 X 1 0 18 c m" 3 i:i±5 X 1 0 18 c rrr 3 JilT\ M 
Off £#*4 0 0 ^ mmJi6 0 0 // mJ^T£ J; TO 2 (D±I^7fcSrtffltli^f^®©|| 
^0*H**3mmJe)lTt?**i If©S i JKi 1 ^ i IK/ 4 |± CUR^SME** 5 X 1 0 18 
c m- 3 i^±5 X 1 0 19 c nr 8 J£JlT\ *^«Dff 0 0 M mJ2l±2 0 0 ^ m£JLT* £ TO 

[0 114] 

*ilfi«f*K(^v>T, ±f5pSA 1 xG ai-xNJt (O^x^l) 
LT^>flU-tefi1-S plG aN/<?7rlt, f^plG a NAy 7 rfCiLtfi 
It^plI nyGai-yN^^^^ H (O^y^l) tiHiiifc*^ J U\ pi 
G a N><? ^rif £#x.S i t la «K pIGa N/^ 7 7it^-iHK^*tHi 
*&^5*ifti6* i pll nyGai-yNnv^^H^iiSiitilJ, pll 

I^ffi^fiit^ i t^tll)o HBpII n y Gai- y N3>^^ M© 

MglSmftJKtt 1 X 1 0 18 c m" 3 m± 1 X 1 0 21 c m" 3 ftTtl)l>- fc tW£ Lv- 0 Mg 

K^aue** 1x1 0 18 c m~ 3 mn tm^m&-mij^4^ < % n > 1 x 1 o 21 c 

Sfc, ±EpIInyGai.yN3>^^Hi:tt-5piStl±, Ag, 
A 1 * itfR h©v»f ii**?)5giSS*L4 i t*»jf 4 Lv> 0 p«t*Ag, A 1*5 J: IK 

[0 115] 

(«M 1 7 ) 

*!&W^**3&»*BllO#&3fe«#tt^ 0 1 3£#MLT, ±S5<7>-o<7)i I I^M-ftWS 
#:PVM^£#tf^;»i 3 0f*ot, :©n iSt«*i#fAMx!±, i i 

I ^S^fc WWItll^*: 1 lt*4Al N*>K fc , A 1 NiftOi 1 0±®<0ffl n 
Mill J^k%^S#M H B H Ji 2 1 "C* * n a A 1 x G a i-x N* (0 ^x=£ 1 ) t „ A 1 
NM^lt n I A 1 x G a i-x Nf 1 ^ < Cf ft ^ p 1 1 I I JMM^WS^feffl 
|2 3T?*4plAliGai-,Nl (O^x^l) k, nIA hG ai-xNl^it^pI 
A lxGai-xNJBOHJwffi1Si-*|&3te»fc*||^, A 1 N^«OflM£«W\ 1 0 OW/ 

(m • K) £JL±"C*I9, p 1 A 1 x G a i-x NJB*>fll £ ^7 >#gg| U AlNiS^il© 

[0116] 

A 1 Nti^^f^fS^Wift < , iWlfttefc«*lTV>Sfcie>, JifBOpMA 1 X G ai-,N 

<S o 

[0 117] 

-f tL*»*» ^^|2^)p ili k ^«x: * £. fc «fl L c <D X ? 1 is J; TO 2 co 
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^mn^tt^M^fii o %j^±4 o %&tt?** - lv^o m 1 ^pmti^pM 
o^w n & * ttM** i o %5fc«n?* a fc & j. tf * * v * ^ji^m 

^t>^oxtf < is if si < 4 o %*mx.& tfimm^mmztitzp 

mmm \z x & ym •? m l» k*h- * * § & < * s 0 

[0 118] 

r^-f * *nijs £&&m&% mz^m^m-^ tztz. 
«\ rmmm uttGa n^h b h *m ^x, in m&nmm& 1 uuGa n*n& * 
> in mmtm^mwm 1 2tuGa Ni^tit^ & o^ttff* tv^ D 

s i cfi B uiv>t i > ii j^Mjbt/^ H B H i uuGa i i i mmitm^-m 

#m 1 2 fc LTG aNitilt^#ffl Lv^ 0 
[£fttffll] 
[0 119] 

MT\ I I I^M-fb%«#l§ H H HOM^^^^v^r^^$^/c#S 

[0 12 0] 

(Jtwj 1 ) 

HI 1 4 ^#1LT, IH 1 4 (a) i'-TFi" <£ ? fc, Ti&^cfc 1 fc LT3 OmmX 3 0mm 
Xff£ 4 0 0 ^ m©t77^7*«±^ t**® 2 £: *j£fc.£ 5 0 n 

m©Si02l*fl5 (illg) Ltz^ 7 * h V V 7? 7 4 -ftfc X •} HnffifB 4 M 
mnmftJ&VtomuM* 8 ^ mlBBI-eiftJt*: (H 2 Ig) 0 
[0121] 

2fc£, mi 4 (b) K^-ti^c, T»*«l*J:a r v^^Ji2 ±fc, HVPEiSfcJ: 
"9 , G a C 1 y^-ft 35sccm (lsccmhli, H^bcJl (1013hPa, 0°C 
) (D-ffKiPlfrmzi cm^&ti&mmZTFir^ &T|W|C) „ NH 3 #Xlt6 0 0 0 s c 
cm, J&Si&Kl 0 5 0 °C-e, jfcKBfFell 5$mom*X\ I I I ^Mjfc^^«#^H B H * 
1 fc£SJ¥£ 1 3 0 O^mOG a Ntihg (§3IS) o HI 1 4 

(c) Km-fXi TM^Ul ^St77-f 72fcR*ffl]HlfcJ: <9Bfc3rL£ (i4Ig 
) ±|BG aN*SaSrrtM30KJ: ^7^fXLt (§5Ig) , ff£ 5 5 0 ^ m<D G a 
N«^2tfc#fco 
[0 12 2] 

$ h fc, ^OGa N*K*WBU • WStt^l&S*^^^ «9 tttf&Ig (H 6 Ig) > 
GaNl«<7)GaI (GaJg^^^S^I) WSrffiFBll'taig (^7Ig) , GaN 
M * * ^ ^ M *) H L, -e- * jffi £ Ltg H H a * ;v V « f) # if & II (H 8 
Ig) , GaNl«©NI (NJS^?.44IfI) «*WB0i-*Ig (i9Ig) , G 
a NS^NWilO *flf»t*Ig (H 1 0 Ig) , G a NSSIg H B a *)V t) fl. L 

, fOgI^Ii:LTg H H H *;v^l:ti?#tt^It (^1 1 Ig) , ^TGall^ff 
it^Ig (Hi 2Ig) . G aN««^^ H B H *;v^^e>^l9^-rig (Hi 3Ig) , 
GaNltWt^Ig (Hi 4Ig) ^^T, I I IIIWiM^Itl 1 
LTJ¥$ 4 0 0//m«Ga N^K^»^ 0 
[0 12 3] 

^CK, HI 1 4 (d) \Z7^-f X $ IIBOff^ 4 0 0// mC9G a N^K ( I I I 

m^mfeffiMtgm id mocvdscj:^ i ia±© 1 1 1 MikifiM 

H B H il 12b Lt, J?$ 5 // mf)nlG aN|2 1, $ 3 nmO I no.2Gao.8Ni2 2 
, ff£ 6 0 nm<^A 1 0. 2 G ao.aNi 23, S^l 50 n m<D pIG a N@ 2 4 SrJK&Jjfc 
(Hi 5Ig) o l-f y L/: J: ^: G a N«t©TI(7)**g 
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|:&*ttiJ:ilS8 0/£mXf $ 1 0 0 nm©nfltt5 1 *f (»16Ig) , P 
IGaNl24O±Ii:g§100nmWpfillS5 2S-fjSU (*17IH) o ^CV» 
"C\ EI 1 4 ( e ) H^i" i^lC, ±|2I I I J£M^%*S#^JI 10^4 0 0 ^mX40 
0//mO#f9^«LT (Hi 8Ig) * I I IliWl#rV^X5 0t'*^ 
LEDWU, tOi^K, t£5fcc^^}£M^Tii, £OL ED 
\Z 1 8 0«jSXe«:RL7to £ O L E D H*5»t4 G a N&&<A3SMc9E3£bOT<^W3£$ 
Rp-vfcV-ifTafrthCifllJfeLfcfc 0. 0 0 4 y« m-C*o7to ^^LEDIi, fcf- 

^r&ft^ s 4 5 0 nmCOH^feX^^ h*4tLti/^ 0 fcf- 9 StftH*»t*3&^^<^ 
Mvo^££MOM«t?#Jo;/i3ii^ "t #tili«SjtDoa6JK«:l. OfcLt 

% J^T^SfeSftfllfciJlt* L EDCDt°-^«4 5 0 nmK&lt&^Bfc*^ h 

[0 12 4] 

(Hflfefll 1 ) 

\t . ±E**S5^i8 6 KMBir 2> ^MM X~$>2> 0 M 1 £ #M Lt, HI ( a ) £ 
^c-T <fc -5 TMME1 t LXm% 4 0 0 // mOt7 7^7tt±C> ^Ts^M 2 fc LT 
^^7^?SCJ;l9f$5 0nmWS iNI^fi 1 IS) LfcgU 7tMJV^77 
<f -feH«t «5 . MP«5MNIPw**4 1 0/im^^J;^ J'HSn«P#IWw5&*4 0 0 ^ m^M 

[0 12 5] 

3kK^ Ml (b) <<Z7Fir£ 7 H VP E&\Z X *) , G a C 1 ^fXlt^l 0 0 s c c 
m, NH 3 ^"X^fi^6 0 0 0 s c cm. jRftfflJK** 1 0 5 0°C, Jfogl$rari s 2 0^(0 

. 3 3tFi) ©&#^SfS (*3is) > Tiitionn®ia± 

60^^, I I I Hg&ftttb^&ftiliA&K 1 UU4 0 0 /< mX 4 0 0 /i mXff $ 2 5// 
mOGaNiWl^i/;„ igcV>t\ MO C V D&K i l? , ±|E I I IltfttWIS 
l Jfcttfli l l m&.±<o I I I Jl^bWSfl^jJIJi 12b lt 

. n aa^%^«#M H B H il 2 nlG a Nil, 2 2T?*fc I no. 2 G ao.sN 

»2 2 afc-fclTA I0.2G ao.BNJ»2 2 b, p MflsW^fM&iftJi 2 3"C*S plG a 
NSfcJOKfcJ&SS^fc 4IS) o 
[0 12 6] 

m^j±L5&v^ N vwmn^mms^m 2 3©±®t:jf$ 1 0 0 nmopnim 

SSrJ&ftLfc (»5IS) ft, HI (c) l^ti^:, x^->vi/-f (M2 5 0 n 

m) hi i mmik^^-mmsMi 1 0 trttti 1 1 immitm 

^mmSMil OiTiSSUOTLf; (i6IS) o $?>^ H^iL&v^\ I I 
I flSfiftft 3M!MfcBrJi 1 0 Ki3tf£ G a N3MROTlfOff»*«Klft#8 0 ^ mXff£ 1 0 
OnmOnffitStMLT (i7I@) % $^I^JW LED £r#7t 0 *L E D fc*5lt* 
G a Nlft<7)«I<7)IH]flilOSIi$ Rp-v tt 0 . 0 3 5 /im1?<boto JfrKM 1 O L 
EDC0t°-^M*4 5 0 nmtcis^^^^^^^ h^OffiM«Sft *) 1 . 0 

fifcl, ^»M^LEDCDH°-^^*4 5 0 n m^iStf^^*^ h JK^ffi^SfiK 
tel. lt^ofto ig^il(:Jt»/io 

[0 12 7] 

(HJfetffl 2 ) 

m-$-2>niMmx&&o -r%t>*>^ -?x?mi-&tfz>fflnu*, mmmm'p v ^3 o 1 o 

fim, 0BP«P«|W»*»3 0 0 0 p mt X 7 £5£j£U TtlS©lOffi±t:3 0 0 0 
// mX 3 0 0 0 ft mXj?£ 2 5// m.co G a N3fcK£#fc'ft&^ HJ&M 1 £|WM$Oiet?L 
ED^lL/co Lfd s ot, ^Xfii&fi, Wl^ii:7^^ 0 * L E D *5 it 
& G a N^K<7)KMO[H]£i^WO:feW*t£ Rp-vii 0 . 0 4 8 fx mt?& o Jt tfcW 1 <£> 
LED<Dt-^fI4 5 0 nmfci3fr.&3&Jfe*'<* h;K^ffiHi^l)(7)lI^ 1 . 0 
fc *^|«(7)LED«t-^l4 5 0 nmCiltS^^^ h ^Offi^Sft 
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[0 12 8] 

(*Jfcfl 3 ) 

^mmmtt, ±m^t&rM7Kimi-&mmMx&2>o ®2*&mlx, 112 (a) n 

^ti^C, T1S« 1 t LTf$ 4 0 0 ^ m©G a Nltlt^ v^^i 2 t LTX/-? 
■7 J; *9J?£ 5 0 nm<DS i 0 2 /l£M; (ft 1 IS) Lfcft^ 7*b'JV/?7-f 

-ftfc i «5 , UBPaSWWPw**4 OO^m^&J:? C|PWW,J ? 100// m^SgAI 
:|K<OMP«&£SS:tf£ (i2Ig) 0 
[0 12 9] 

#Cfc, 0 2 (b) fcj^-T X o HVPEffiPJ: «K G a C 1 #*SfESa* 1 3 0 s c c 
mu NH3^Ii!5 s 6 0 0 0 s c c m, J&ftSJgrtM 0 5 Ot, J&ftEI#P^ s 5 0#HI ( 
0. 8 3t$H) ^m^m^Jk^^tzt^h (»3Ii) , vX^Jf 2 coHfPlf|S2 a 
TtttttiTiitl <^F?iPM 1 a ±& J: TOP £[52 a *fl5t <9 Htf^* ^if<?)— £R_tM 
2 b±£ N I I I mmitm^mtm^U l iat3 0 0 //mX 3 0 0 ^ mXff£ 8 5 
/im(7)G a N3feK*«W <b tuto iS^T, MOCVDftHifK Jiffl I I I mMiWO^fc 

is 3 h h ss 1 1 1 1 mm^ i ia±© 1 1 1 msLiwto^&fc&M 1 2 1 l 

"C, nIIjtft^lM a B Hl 2 1 nlG a Nf, l&^fe® 2 2 & I no. 2 G ao. 8 

NJ12 2 aiS-fctfA I0.2G ao.sNJ12 2 b, piIW«li2 3t^^plG 

[0 13 0] 

H^ttL&v^ P IiWiM B B J 2 3 W±Mi:)f § 1 0 0 nmWpil 

m^fmx^tz (*5it) fi ai (c) ^t±?c, 77^1 (y^m: ist 

%) fcftfKLTT*** 2 y\zi. fJHf*L3t ($6IS) #L KOH*»« ( 

K O H : 5Si%) KftitLT I I I Iijfci#Itt H B a 1 0 <DTikmK 1 t:it«5Tffl 

i o a (aafcxafrt^fcsiR^iD ii i mmtm^m* 

m&i otrm&mi tzfrMLtz (ft 7 in) <, s^t, 0^2t&v^\ i i im 

itf f «b b b 1 0tc^»t*GaN3^^T®^f^«IJl'it@8 0^mXJ¥$ 1 0 0 n m 
(OnffllS^MLT (^8Ig) , **iW©LED*ft^o #L e D K5$tf%> G a N 
2!f3K<0X®<0Hi5^1iitf>£tTOL3 Rp-vti 1 . 5/imt^of; 0 JfcRf I 1 © L E D O £° - 
^tS4 5 0 nmfcjstf h;v©ftSfS/; 19 <7>3jtjg£ 1 . 0 t-^S fc 
**»LEDOt-^$I4 5 0 nmfciJlt&lfr**'** h^WfflM^JSti 1. IT 

[0131] 

4 ) 

#3St««\ ilSilil 8 ^ S o 0 3£#BSLT, 0 3 (a) K 

^-rxiiz^ rmmKi tLxm^3 5 0 ^m«t77^ rmm±K, 7,9m 2 tLx 

7**v X <9JS£ 5 0 nm<DS i 0 2 JI£^j£ (ft IIS) Lfcft, 7tHJ7^7 

7^ -ftfcJ: l) % HnWWBIPw* , 4 OOO^mt^^id ClPfMIWJ s '3 0 0 0 // m 

ora^i^oHPffitia:^ (f2it) o 

[0 13 2] 

H3 (b) fcm-t X 7 HV P E&K X *) , G a C 1 1fxmM#l 1 0 s c c 
m, NH3^1I/5 S 6 0 0 0 s c cm, JfltftfflU£j&*9 8 0t, ^«NfW35* 5 Wm<D$kft 
X^^WL^^izb^h (i3IS) , THL&fal<7>fflnmi a_tKI I IMW 
IM H B H i« 1 ULT 3 0 0 0 J «mX 3 0 0 0 /i mX)f$ 4 0 0/i m<DG a NS|« 
hfi, ^^9M2±Kl I I ^ajktJ^*#*teRM H a H 3 t LTStEKG a NJi« 

h fhfzo m^x, MOCVDft^J; *)> ±IB 1 1 1 1 1 -hfc, H 

i&08 1 1 mm~, 1 Jim_ho 1 1 1 m&itm^mm^^m 1 2 1 lt, nitwit 

*t&JB2 l-C** nIG aNi, H*12 2T?*4 I 110.2G ao. 8 NJf2 2 a i3 X Xf A 1 
0.2G ao.8NJ12 2 b, pMM^WS#fe H H H g 2 3T?**plGaNi*)IIMSS^ 
tz (f4IS) o 
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[0 13 3] 

i^liL^v^^ p Mfilfc%«#l£ H B H Ji 2 3<£>±M£J¥£ 1 0 0 nmOplI 
S^ML/c (i5Ig) HI (c) K^I-i^K, KOHtRvM (KOH: 5fi 

%) tftttt 1 1 1 mmikm^mi*m$.Km$£km 3 £±m 3 b x~*>z>&m?tmfrh & 

Rft%) ^aftbTv^^ii 2 *x.y<f->y\z£ VB&Ltz (^7Xf#) KOHTKvt 

wl (koh : 5it%) ciitLti 1 1 msukm#mfrm& l 0©T«1 

TI 10a (M*7G*^"b^*ilT-M) £ CJ; 19, I I I llfttf 

mm^ni o trmmmi tzfrMLtz msum) 0 zhiz, Hsia*^^ 1 1 i 

mm.imj¥-mm&gk l 0 G a Nl«OTM©t^i:It8 0 mXi¥£ l o o 

a N^m^mmviw&mmommmz Rp-v« i 5^m-e^o^ 0 itgcM 1 <dl ed<d^ 

~^IS4 5 0 nmKi&tt&ft:^^ 1 ;vco#fiMlt^7t <9 <7>5JiJ^£ 1 . oitSti 
„ $»jOL ED<7?H°-^fcg4 5 0 n m &Ci3 lf&§&yfrX 1- ^COTO^W: 1 . 2 

[0 13 4] 

5 ) 

<ds 1 1 1 mm^m^mm^^&m 1 1 ©jae^^r, hvpe 

X 0 , A 1 C 1 3 ^r^«E*** 1 5 0 s c c m, NH 3 ^^^tfi^7 OOOsccm, fife 
fifiR^1 0 5 0°C, **«f|BI5&*3 0^W (0. 5I$W) ^#« H H H £j&:ft2«, 4 
OO^mX4 0 0/zraXf$l 5^mCDAl NSf^#/; Ill iljt!|*i#IS 

h h h £ T*3fe*t t (D % , TSfe*^-e * £ s i m& £ y y m. - 5it@Jt7iM#?tt (7»;S: is 
fi%, VSWt: 1 11%) tx-;f^c J: i9 6&*1-&£ fctc «£ (jfrfcofci s£ 
JfcWliHtKLEDiftftL^o L/*T, ^flSftfOK & tt & L E Dl^O^ISt 
fi7f*o7t 0 EDKSStt* A l N&m<VMM<DWihm'ffi<DimmZ Rp-vf± 0. 0 
2 1 ^ m-C*o7to ibSc^fl 1 WLEDOH^^tg4 5 0 nmKiJt*!!*^^^ h 
ftffillit^M?: 1. 0 ttii ^ =fcSU60l£>LED©fcf-*afe£4 5 0 nmC 

[0 13 5] 

6 ) 

oAiNss^fcit, 1 1 immm^mwmikmRi hvp 

Ey£ir J: 19 „ I n C 1 3 ^TXilE436*2 Osccm, GaCl tf'^i^ 7 0 s c c m, N 
Hs 7 5 0 0 s c cm, 8 8 0 °C. JfiftBtW** 1 «fllO*ftT?8[I 

*II$tt, 4 0 0 ^mX4 0 0//mX|M5^ mCO I no. x G ao. 9 NM£#£: £ 
tMtt, 1 fcEllfcfcLEDfcflMttLTfco Lfc^oT, *£Eit0l *5 »t * L E D « 

^^X®gfc(4 7-C<bo7to *LED^iU I no. 1 G ao. 9 NMi<Dftm^lHli£bMO 
OTffi^Rp-vteO. 3 3 ju m-e^o/io JfrRfll 1 ©L ED<7)t°-^M4 5 0 nmi3 

fran**^* «9 ©ant* 1 . otti.t^ ^jtfi^LEDot? 

-^«4 5 0 amWitS^^? f^OTOSli 1 . 0t*ofc. fe§H£^l 

[0 13 6] 

(^Jfeffl 7 ) 

*S^&W±. XIB^M^Si 7 ^WtS-r*HJS«-C* •) % T»afe*ti: LTJp$ 3 0 0 ^ m 

©Sicmiv^it, 11 iMM^fiM^ifti Kommz&^x, hvp 

Ej£fc <£ 19 > A 1 C 1 3 JfXffiMffe Osccm, GaCl -fTX%ILM.ifi7 0 s c c m, N 
H3^5-BE**8 0 0 0 s c c m, jftSJRfle**l 0 5 0 °C, J«Bf WriU . 5CT©ift 
-Cfe&fcjSSS-^T, 3 0 0 //mX3 OO/imXf^ 5^m^Alo. 4 G ao.sNlfe 
»fc£fc£Wi^ *iW3i:|S|«t:LED*^flL^o Lft#ot, #S£8fc0lfc *3 £ L 
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ED«ft<O^Xe»tt8T?*o7to #LEDfc*5»t*A lo. 4 G ao.eNi4l©«l©C3fl 
MO^ffi4!£ Rp-vfi 3 . 1 ^ mt^o^o It^O 1 5 0 n m 

K&ifz&yt*'*? h )V(DW.i±mmmtz*) <Dmm* 1. o $wj^led 

<7) fc° - ^ yj£ft 4 5 0 nmt*»t*l&3fe^^^ h >U^ffl*fr3&fie»4 1 . 3"tr&o£o *t*4:0E 
1 icf fcj0fc o 



[0 13 7] 
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[0 13 8] 

(Hiw 8 ) 

^HifeMti. Jif5*»lsl 0 alzMJB-f%>$mmx~%>2>o -f El 6 £#MLT 

,06 (a) t:gf i ^ ic, Ti» 1 1-^ $ 3 0 0 ^ m©t 7 7 ^ 7SS 1 ±1^ 
a^ H B H 4 Ut2 0 0 /imX20 O^mXjf^ 10 0 /zm^A 1 Nt^JI Lfc 
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lXfi) o me (b) ^^i-i^ir, ^^AiN« B H a «ar, hvpesc 

«t 0, A 1 C 1 3 9 0 s c c rru NHs^il^g OOOsccm, J&£*&£ 

^losot;, j&mm&7mm<v^x^MiZ]&mz^fzt (#3ig) , 1 1 1 

^afk%W#lt B B HM 1 ULtlOOO/zmXlOOO ^ mXff^ 4 0 0 ^ mOA 1 
Ni«#^^:o «v»T\ MOC VD&K «£ i) , ±15 I I I ^M«#S#*£ H B H M 1 

i ±^ 1 1 ra*i^ i sm± co 1 1 1 mmtm^mmskm ntu, nit 

WfM B B H l2 It?** nlGaNi, 2 2T~&£ I no.2Gao.sNi2 2 a 

fccfctfA I0.2G ao. 8 NJ!2 2 b, p MM««#^ H a H il 2 3t*^)SpIGa Nil II 

[0 13 9] 

BEFttLfcV^ pllftWiM H B a l2 3e>±BKJ?£ 1 0 0 nmQpfll 
ttfcJB&Lfc (f5IS) $L H6 (c) I I iM^fMil 0 

\~'P\.<Dt}*1m*-X s TWH^I I IMWiMsIl 0*3>«tLfc (H6I 
S) o SfcC, |2fcrcl±Lfcv>j&* % I I Iia«#iM H B H l 0(3lt^GaN»T 
I^WClS8 0/zmX)|$l 0 0nm<?)iiilft«LT (i7If) > 
«©LED^* 0 *LED^*5»t*A 1 NlfOKlOEflSioMl? Rp-vtt 0 
. 0 14^ mt^o/;o JfcRW 1 OLEDOt°-^fg4 5 0 n m^&tt&fBfe*^ h 
/U©#ttB«SfclJoaijft«:l. 0tt*t§, *»jOLED©f-^tft4 5 0 n 

[0 14 0] 

(HJfcffll 9 ) 

±fB«5£l° 1 0 a fc**Jfcf £^jfe0fl-C;fc D , T«l«fc LTip $ 3 0 0 
^ mOS i afeftfcfflV^fcC: fc, W^&t Lt80/imX80 //mXf? 5 0^ mfl^cDG 
a Nf« H B H SrKIt Lfc £ t , i©Ga N«£ H H H t UHVPEfeHi^ GaClf 
xat*tf*8 0 s c c m, NH 3 ^SI^6 0 0 0 s c c m, J&gfi^7$ ? l 0 5 0°C, 
^B#P^^5 9fr H 1CO^#-eM B H H ^^S$*T I I IIIftWiM B H a Ill ULT70 
0^mX 7 0 0 /zmXff£ 3 0 0 //m©A 1 Nit^#/:itm »M 8 fclSpftUc 

^LEDtc&tt&G a N^O«M<0E]£hRMc7)^ffiffi$R P -v}i0. 0 1 8^mT?*o 
fco 1 ED«H'-^$I4 5 0 nmC*tt4»J6^^^ h ;Vc0^.fiMff ^ f z V) 

£>a&£«: 1 . 0 h-fh tl, *IIJftffi[OLED©tr-^»ft4 5 0 nmH^»t*»3t^^ 
* h^Offl*j-aft«l± 1 . OT*ofco *&**:3E2 fctfcifrfco 
[0141] 
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[0 14 2] 

[0143] 

9 - 2 ) 

*!£&&W±, ±E£tffe3BIK 1 0 b \z.Mfc*t %>$mm"?3b *) , m 7 (a) fcjjr*- J: -5 
Htl 5. 08cm (2 4 yf-) <D (0001) t77^ 7*KJiK, Tifo I I I J£M-ftl7 
g B B B 9 § G a Ng B B ^ H V P E ft ^.i V> t 1 0 /< mift H/;t (flit) > 
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, MM 2 aTi:filt^ G a N|§ H a H (Ttt I I I 0i£ft4fc*ihfl 9 a) £i?5£ (i3It 
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GaM 


GaN 


GaN 


GaN 


(JUS : cm" 3 ) 


Si 

(4x 10 ) 


Si 

(4x10 18 ) 


Si 

(4x 10 18 ) 


Si 

(4x10) 


tSAffd (junO 


80 


80 


80 


80 




850 


2050 


10050 


25050 


ftflC ) 


58 


58 


58 


58 




m 


m 


fa 






(0001) 


(0001) 


(0001) 


(0001) 




0 


0 


0 


0 




n-GaN/ 
ln 0 2 Ga 0 8 N 
/A 1 o 2Gao. 8 

N/p-GaN 


n-GaN/ 
I n 0 2 Ga 0 5 N 
/Al 0 2 Ga 0 8 

N/p-GaN 


n-GaN/ 
ln 0 2 Ga 0 8 N 
/Al 0 2 Ga 0 8 

N/p-GaN 


n-GaN/ 
ln 0 2 Ga 0 8 N 
/Al 0 2 Ga 0 8 

N/p-GaN 


(»«/TJl!i»tt) 




i-r mm 


u-r mm 


iht mm 


SHH® R P _v ( # m) 


0.054 


0. 085 0. 24 


0. 62 


LED HJigXfSgfc 


7 


7 7 


7 


led mnm^m 


1.1 


1.1 1.2 


1.2 



[0 16 7] 

mSfrhmbfrftXoi', III M^i|fiM E H H *S<7)^lIK^ l 0 ju m/ h r 

£i± 300^ miT, 1 1 1 mmitm^M^^uoyfm^mm^ 5 X l 0 19 c m- 3 m 

T> I I I «ft<b%»a»«OM (0 0 0 1) ffifctO^-7^^0 0 m_t4° J^T©3 
o^fr*t*WJ£fci:J: 19. Zvvt? $«;t^< ipg^ 2 5 0 0 0 /^m 

tBSE# 2005-3038435 



#1? 2005-117967 



^-v: 38/ 



[0168] 

(*#&$) 3 o % mmm 3 1 ) 

3 o % ^mm z i rmt lxuu^ io. oscmov^ >i« ( 

T'^^GaCl OSES:, I I I m&ikm*mfcm&&fc<ofc&.ftmi5 i TOiSiiK, ^ 
t/£>iiftJg> TitiiMoiWt (ill) mt<D-f7l%*^M'ti$t9 ^m-fi><VtL?z£X 
^lO^tia-C, LEDH^lUo i^?,©LED<Dl;"-^t«4 5 0 
nmMtf&^Tfc*^ h^^ffiMSiS^fFfffiL/Co It^Sc 9 K 4 t *fco %J&0O 3 0 
, $kMM3 l\z&\,*xt>, II I^ft*^*#i»aojftfijSK, WPWI I 
IftSi<kW*5*'»iBraaMRo^Mfc (0 0 0 1 ) mt<n*yj$<D3-o<D&i*<DM.friirfo^ 

[0 16 9] 



miiE# 2005-3038435 



mm 2005-117967 



39/ 





30 


^Wl 31 




in 


MM 7 


T 

Ob 






W; 


T^mmmm (cm) 


10. 16 


10. 16 




(111) 


(111) 




0 


0 


T* 


m 


m 


3& 


7, 




Si0 2 


Si0 2 




15200 


25200 


19 DSNS W w (win) 


15000 25000 


'MBPaJMIWPi (jum) 










1 


■■' - — ' - r" - ■ • 

9Rt ! M 


III 

K 

<b 
449 

m 
<* 


inrai Gaci 

(seem) NH 3 


130 
6000 


130 
6000 


tft*j£Mft (°C) 


1000 


1000 


ftAjgftttM (hr) 


0. 80 


0.80 


<gJUaftiSS(jum/hr> 


100 


100 




GaN 


GaN 


; cm 3 ) 


Si 

(4x10 18 ) 


Si ! 
(4x10 13 ) 


*S!IJ¥£ (jum) 


80 


80 


$bH«I@ ( x/ m) 


15050 


25050 


fte c ) 


58 


58 




M 


f& 




(0001) 


(0001) 




0 


0 


1 1 1 ttS4bft¥«ttfgM 


n-GaN/ 
ln 0 2 6a 0 8 N 
/Al 0 2 Ga 0 8 

N/p-GaN 


n-GaN/ 
ln 0 2 Ga 0 8 N 
/Al 0 2 Ga 0 s 

N/p-GaN 


»JSi*S4 (M/Tifeg*£) 


i-r mm 


i-r mm 


ikfiz^ffi R P _ v (^m) 


0. 29 


0.67 


led m&T.mm 


7 


7 


LED *g*f|g&l£g 


1.1 


1.2 



[0 17 0] 

#M H H H ^«<75)Sft^ffi^ 1 0 ^ m/ h r J£JLt 3 0 0 M mJ^T\ I I I J£ft^#*#l£ H H H 

i«owgi35 s 5x i o 19 cm-Hm 1 1 1 mmmm^mK^m t (0001 

ffiiE# 2005-3038435 



mm 2005-117967 



**-V: 40/ 



.06c m^i^Tii«^V>T^ 7 ? * *5&&S** £ & < ffij&*2 5 0 0 0 a 
[0171] 

fc*5. »J1 0~H»J3 1 fc*3V»T, ( 0 0 0 1 ) -Q&2> llim 

(oooi) -ea-ofco ii iiMM^#j#S#^H H H «<7)Mt (oooi) it 

I I I^ffl«^#^ H ^®O^Mi: (0 0 0 1 ) It(7)t7^l±-tL^ 

o 

[0 17 2] 

(nt&M 3 2 ) 

*i^3 2 "Cf^ TAfe*^t Lt 1 5 mmX 1 5 mmX|^ 4 0 0 /^ mCOG a NTii 
« (±I©ffiJffi# (1-10 0) ) ^^tii, *^^^»oMiP«©MIW*3J:0 f *|, 
G a C 1 OfiEJL I I I IIit!|^M B IM<7)I«i Wis i 

Tpmwjomm&ztfWkm, Tmrnmo^mt (1-100) mk<D*7M**ti?ti 

m 1 0 iZTK-f & <D t L tz i % £ n j; $ i i i £ TJMfc fc 

^SILfcitMli, #d&M.l 0 i:|W|#^ Lt, LED^SLto i«LED©t- 
Mg4 5 0 nmC^itS^^^ f ;K7)ffi« ^IfiL/Co M*£^l Ofcti:* 
/Co WI3 2Kiv>Ttt, I I I^S^%^S#lt H B H «OM^^#gL7to 

[0 1 7 3] 

(»^J 3 3 ) 

^3 3 t?{±, Tlllt LT1 5 mmX 1 5 mm xj? $ 4 0 0 ju m<D G a NTli 

m {Mm<omi3tiL# (1 1-20) ) ■zm^tzz.b^ ^^^m^mau^mm^^vm, 

R^t?44Ga C 1 OSKfi, I I 1 2£^fc^#;*fog l I^caj££MiK, jft£l$|IQ& 
^tt*©«ai*JJ:tfiftflr, Ttlt©±Ii (11-20) Ii©t7ft 

m>ftt$i&2m*r&wzz*£z>m\z 1 1 i5^M^^s« H H a ji-e^^^|jit ltp? 3 M 

m<7) I no.sG a o. 2 Nil Lfci t £l*M±, »1 0 fcRtti:L"C, LEDHtfi 

LfCo -OLEDOt-^tl4 5 0 n m lz is If ZSfcfcX'*.? h ^Offi^aUSS-ffflli Lfc 

0 ^*^S1 0 fc£ fci&fco 

[0174] 

1 m&itmm&& * rfrm&mz - v %> ^ t & < , 1 1 1 j^b^s t 
sftt^in^t^i^o ^iM3 3 iz$s\,*xi±^ 1 1 1 mmm^mi^m^mK 
(Dm^mz^u Lfzo 

[0 17 5] 

3 4 % HJfefll 3 5 ) 

H«J3 4, ^MfU3 *9^^1-## «b^«U«) , f^btis J: OTS^tt*^ 

•it*. 1 1 1 m&im¥MfeffiMi^&<Dmw&m, j&&B$w&£&j&&i&m. 7f¥m<Dm 

J: tfifcfl?, Tiitoili (1 1-2 0) ~m£<D*7M**rfi*?tL$t9 iZ7F-j-i><D 

bLfzz\tmut, mmmi 0 tmmizLr^ led^iu 0 znboLEDW- 
jto *^!i3 4, wi3 5»c*v>t«>, 1 1 immm%*mfo%kMim$.<D-®3jmzMB 

[0 17 6] 



ffit£# 2005-3038435 



mm. 2 0 0 5 - 1 1 7 9 6 7 V '. 41/ 



1*10] 





Hmw'J 32 


^SffiW'J 33 




-Wr /Til QC 


m 




J&fll 7 


7 


ff^fti 7 


Jf2 JH 7 


T 
±01 
& 

m 




GaN 


GaN 


Al N 




TifcSW (mm) 


15 


15 




1 PC 




(1-100) 


(1 1-20) 


t 1-101 J 




TttafcKttfl (° ) 


0 


0 


U 


U 


Til 








&t 




0 




Si0 2 


Sl0 2 


0IU2 


c t n 
oi U2 




2200 


2200 


ZZUU 




SBn«P«W w (jura) 


2000 


2000 


2000 


2000 












'MJ3PSP"BW w (A«nO 












1 


& I ln 0 8 Ga 0 2 N 


m 




III 

ft 

m 
w 

n 

* 


JSWXafta GaCI 
(seem) NH 3 


45 
6000 


45 

6000 


45 

6000 


45 

6000 


&&m&&& (°C) 


1000 


1050 


1050 


1050 


MJ&ftrtlH) (hr) 


3.75 


3.75 


3. 75 


3. 75 


tfiSiiE*iajS(jum/hr) 


40 


40 


40 , 40 


AMAHS 


GaN 


GaN 


GaN GaN 




0 

(3x10 18 ) 


0 

(3x10 18 ) 


0 0 
(3x10 18 ) 1 (3xl0 18 ) 


&AJ9£ CjunO 


150 


150 


150 150 


IS AW ( K nO 


2100 


2080 


2080 2050 


fter ) 


60 


30, 60 


30. 60 30. 60 




8§ 


B 






(1-100) 


(1 1-20) 


(1-101) i (1-102) 


mmmc ) 


0 


0 


0 | 0 




n-GaN/' 
I n 0 2 Ga 0 . 8 N 

/A I o. 2 Ga 0.8 

N/p-GaN 


n-GaN/ 
ln 0 2 Ga 0 8 N 
/Al 0 2 Ga 0 8 

N/p-GaN 


n-GaN/ j n-GaN/ 
ln 0 2 Ga 0 8 N ; ln 0 2 Ga 0 8 N 
/Al 0 2 Ga 0 g ; /Al 0 2 Ga 0 8 

N/p-GaN N/p-GaN 




~>£M : v-rmm 


Mr mm 


v-r mm 


StSR® Rp-v ( U m) 


0. 01 2 j 0. 075 


0.078 


0.071 


LED ^jfx^iife 


7 ! 7 


7 


7 




1.1 1.1 


1. 1 


1. 1 



[0177] 

(*Ii3 6~H^#[I3 8) 
*M#!)3 8 fc*5V*T{±, *1 1 t^-r#» (1"t^«) > Wfc (1 5mm 

X 1 5mmXff$ 4 0 0 // m) £ J: JfSTjf t-?>Tt*«^fflV^;r . OThL 
TJ¥£ 3 ^ mO I nNitMLfci tMlt 3 3 t U, LED^l 

mtE# 2005-3038435 



mi 2005-117967 



^-v : 42/ 



Lfzo u©LED«f-?tI4 5 0 n m^istf^!^*^ h >K^ffi^JK4rffFffiS Lit 
o 1 1 4 *>fco «M 3 6 3 8 K&^X <g> „ III i/HfilbWS* 



»!3 2~«fU3 8fc*5V>t\ ±®tf>W#ft>&* (a b d c) (ti^ a. 
b, c, dtt, d=- (a + b) Zmtz-tmm t^^I I lMW«W H lf-h 
£jft*3*fc*Lfc I I lM^W#lt H a H ii^3EMWM^fi{± (a b d c) T?*ofe 0 
* fc, III Jfcfift*¥##iKrii»«<3£W (abdc) It«t7fti, I I Hi 

n^mm%gkm<D±mt (abdc) mt<D*7fti±-wcLtz 0 



[0178] 



[0 17 9] 



ffiiE# 2005-3038435 



mm 2005-117967 



^-v: 43/ 



[in] 





|g»J 36 


S£fite37 


38 








M7 


ffi*B§ 7 


T 




SiC 


SiC 


GaN 


±ii2 


TifeS^ (mm) 


15 


15 


15 






(1-102) 


(11-21) 


(1 1-22) 


*S 


Tmmmm c ) 


0 


0 


0 




Am 


■frrrr 

m 








Si0 2 


Si0 2 


Si0 2 






2200 


2200 


2200 






2000 


2000 


ZUUU 








mmmm 








/J^P«W w (ym) 


_ 


—"~ 


I Z 




1 


InN 


InN 


InN 






JI#4*'X$S§ GaCI 


45 


45 


45 


1 1 1 




(seem) NH 3 


6000 


6000 


6000 


m 




*Slt.i&J*;SJt (°C) 


1050 


1050 


1000 






^ffi^^fBl (hr) 


3. 75 


3. 75 


3. 75 


it 




*SJlJ&gSiJt(;um/hr) 


40 


40 


40 








GaN 


GaN 


GaN 








0 


0 


0 


# 




(/lift: ■ cm 3 ) 


(3x10 18 ) 


(3x10 18 ) 


(3*10 18 ) 






MHJ¥£ (jum) 


150 


150 


150 






(um) 


2100 


2080 


2080 


H 

as 




ftBC ) 


32, 58 


32, 58 


32. 58 








m 


&t 


m 


IS 






(1-102) 


(11-21) 


(11-22) 






Mt? ft C ) 


0 


0 


0 






n-GaN/ 


n-GaN/ 


n-GaN/ 








ln 0 2 Ga 0 8 N 


ln 0 2 Ga 0 . 8 N 


1 n 0. 2 Ga 0. 8 N 








/Al 0 2 ^ a 0.8 


/Al 0 2 Ga 0 8 


/Ai 0 2 Ga 0 8 








N/p-GaN 


N/p-GaN 


N/p-GaN 




nr mm 


ht mm 


u-r Hast 


SIS 


HIj Rp_ v ( u m) 


1.2 


1.2 


1.2 


LED i 




7 


7 


7 


LED 


1.2 


1.2 


1.2 



[0 18 0] 

[0181] 

(»#!l 3 9 ) 

ffif£# 2005-3038435 



#0 2005-117967 



^-v: 44/ 



*n*few^ %mnm 9 wis-r * h 4 £#hs lt, ti&l&m i t ttiiti 5. osc 

mXf^OO/im^tyr^TlSJiC, Hi&f!) 1 t mM^lo&X, ^^^mtLXW 
$50 nm©S i 0 2 ii£^J&U 2 M±<7)/MIP£|$ 2 b^ffCJ: ^ 3fM£ UPtlS 2 
a £|£&tfco Cl WPSBIBIfiBPitt 2 2 0 0 ^ m, PRP&ffiWi Mt 2 0 0 0 /zm, /Mfl 

□SSIfflW Psi± 2 ^ m. /MlPgMiWsi* 1 n mt L£ 0 #CK, HVPEffiCi 2 

-9- -7 7-fT«<7> WPM1 aiCI I I II^tf« B a H iI 1 1 t LX ? 

<7) G a NM±K> MOCVD^CJ:^ 1 ©^±0 I I I mm.i^^mt^¥um 1 2 
Lt, nil I I mmitm^mitm^m 2 n?*4S§5^mOnIGaN8, %^il2 
2 f^)^Ji:$ 3 nm(D I no. 2 G aj.gNi 2 2 a i3 i^J?$ 6 0 nmOA lo.2Gao.sN 
« 2 2 b . pll I I mmit^^mm^^m 2 3t*S)|$l 5 0 n mO p IG a Nil £ 

i&fcjfogs^fco 2tfc, n»J 1 fcraatKLt\ pinion, 1 1 

S4 5 0 nmiZ&WZ&ytiXUr h *<0ffl*frafcJK*M Lfco *t*£*l 2Kf fc*>fc„ 
[0 18 2] 

(«1?0 4 0 % Hjfcffll 4 1 ) 
/MWPfflSWHIPs* i OVMWnflMBWs « 1 2 K^-f £ ? L/;M^(±, 3 9 t 

mMKLX, LEDMLto i*i?)OLEDoe-^jfeft4 5 0 nmCilti»*^ 

[0183] 



tB|E#2 005-3038435 



mm 2005-117967 



: 45/ 



mi 2] 





39 


40 


§1 MM 41 






BBS 


mm 9 


T 




?77-f7 


*77<f7 




(cm) 


5.08 


5.08 


5.08 




(0001) 


(0001) 


(0001) 


T±feM*7£j C ) 


0 


0 


0 


T* 


fell 


3& 






^? 

<7 


7X7Jf#*4 


SiO ? 


SiC z 


Si0 2 




2200 


2200 


2200 




2000 


2000 


2000 




2 


8 


155 




1 


5 


150 






3» 


fa 


$R 


1 1 1 

m 
it 

# 

$S 
H 

IK 


6aCI 

(seem) NH 3 


150 
3500 


150 
3500 


150 
3500 


$£M*mm&& (°o 


1000 


1000 


1000 


SlSllJ^iM (hr) 


0.80 


0. 80 


0. 80 




100 


100 


100 




GaN 


GaN •. GaN 


(;1ifS : cm 3 ) 


Si 

1 Q 

(4x10 18 ) 


Si Si 
(4x10 18 ) : (4x10 18 ) 


*SHJ¥$ (urn) 


80 


80 


80 


( # m) 


2050 


2050 


2050 


ftdC ) 


58 


58 


58 




m 


38$ 






(0001) 


(0001) 


(0001) 


mmiftc ) 


o : o 


0 


1 1 1 mmitm^mwmmm 


n-GaN/ 
ln 0 2 Ga 0 . 8 N 
/Al 0 2 Ga 0 8 

N/p-GaN 


: n-GaN/ 
!n 0 2 Ga 0 8 N 

/A 1 0 2 Ga 0. 8 

N/p-GaN 


n-GaN/ 
I n 0 2 Ga 0 3 N 

/Al 0 . 2 Ga 0. 8 

N/p-GaN 








i-r mi 


StSHili R P _ v (/im) 


0. 10 


0. 10 


0. 98 


LED MitXfStfe 


7 


7 


7 


led *a*t#g^£jg 


1. 1 


1. 1 


1.1 



[0184] 

*wttf, T»«s<oiPiJ:(: 1 1 1 mmm^mmtgk*j&^^%> ^t:^, ^9 

Ps^l ^mJ^±2 5 0 //mIT, /MSPBMiWs & 0 . 5^112 0 0 

ffi|E# 2005-3038435 



mW 2005-117967 



^-v: 46/ 



[0 18 5] 

4 2 , mm\n 43) 

4 5 0 nrnMU-^H^*^ h LfCo «£ftl 3CfJ:J6/to 

[0 18 6] 

mmm 4 4 % nj&fli 4 5 ) 

«t «*^tL^« 1 2 £^1" & <7> £: Lfc^fl-W^ 30t WiMKLX, LED £rfp 

WkLtZo itLf>©LEDOt°-^$S4 5 0 n mt j3tt-?>l§7fc^^^ h ^^ffi^J^^fP 

[0 18 7] 



£BIE# 2005-3038435 



mm 2005-117967 



^-v: 47/ 



[£13] 





mmm 42 


HMJ 43 


mmm 44 


MIMffl 45 












T 

m 
& 






*?t^7 ; 






Tm&im® (cm) 


5.08 


5.08 


10. 16 


15.24 




(0001) 


(0001) (111) 


(111) 




0 


0 0 


0 


T* 








it 






Si0 2 


SiO ? 


Si0 2 


Si0 2 


PPSP^PilPw (jum) 


30100 


45100 


30100 


45100 


iPMW« (/im) 


30000 


45000 


30000 


45000 


/MMQAMMIPn (wm) 


8 


8 




— 


/J^5flPgfiHW w (jum) 


5 


5 




— - 




H 


m 


m 


m 


m 


1 1 1 

it 
m 

m 

SB 

& 


IW'Mtt GaCI 
(seem) NH 3 


150 
3500 


150 
3500 


130 
6000 


130 
6000 


CO 


1000 


1000 


1000 


1000 




0. 80 


0. 80 


0. 80 


0.80 


*p^l?)cS)iS(j"ni/hr) 


100 


100 


100 


100 




GaN 


GaN 


GaN 


GaN 


(/MS : cm 3 ) 


Si 

(4x10 18 ) 


Si 

(4x10 18 ) 


Si 

(4x10 18 ) 


Si 

(4x10 18 ) 




80 


80 80 


80 


tSSiffi ( ju m) 


30030 


45030 30030 


45030 


ftec ) 


58 


58 


58 


58 




m 




& 


B 




(0001) 


(0001) 


(0001) 


(0001) 




0 


0 


0 


0 




n-GaN/ 
ln 0 2 Ga 0 8 N 

/A 1 o.2 Ga O. 8 

N/p-GaN 


n-GaN/ 
ln 0 2 Ga 03 N 
/Al 0 2 Ga 0 a 
l N/p-GaN 


n-GaN/ 
ln 0 . 2 Ga 0 8 N 
/Al 0 2 Ga 0 a 

N/p-GaN 


n-GaN/ 
ln 0 2 Ga 0 8 N 
/Al 0 . 2 Ga 0 a 

N/p-GaN 


^m^te (s«/T±fes*5) 


HT BMt ! b-fpaW 






Rp- V (/um) 


12 13 


0.012 


0. 011 


LED 8&x4ijg[ 


7 


7 


7 


7 


LED ftttMft&m. 


1.2 


1.2 


1.0 


1.0 



[0 18 8] 

£ 1 3iD«5»Mi^^ 4 3 K^f J: 3 2 J£Lh<7>/hWPl» (WRSPs** 

1 ^ mill 210// mJJJIT, /MBPffiHWs^O . 5 M mil 2 0 0 ^ m£lT) OSPfc J: 
•?^JSS*tSBHP«PSrfflv^ Sibfc, I I I ^Mfb%#S#lt H H H«co^SiiJS tf* 1 0^ 
m/hra±3 0 0// mJSJLT. I I I Mfb%^*#lt H H H M^^MtJy*«^ 5 x 1 0 19 

ffifiE#2 005-3038435 



#11 2005-117967 



^-v> : 48/ 



cm- 3 iT, 1 1 imm.mm^m%(D±mt (oooi) 1^*7^0° jbll4° 

J^TO 3 oo^ftfi^^S £ t «fc 15 , ?v-y t ifc&< Mh&*4 5 0 

3 O^mtf^ifc I I I Mftll^SMiil^HtL/co «#U4 
a ^ Tiitt l-c S i 3MR*fflv>, $ & £ % ill J^M-fh^¥Sf«S H s H M^^;Sil 
10^m/hrJ3l±3 0 0 ^ mftT, I I I ^ffc* ^ 
5 X 1 0 19 cm- 3 JiJlT, I I IIiffli B B H i««±It (0 0 0 1) IiOt7^*0 
° J^±4° SIT© 3 i 1 1: J; >) , ES^l 5. 2 4cm^|iS: 

T*3fe^&JBv>T&*7y^&3&££^S£i:&<il5& J 4 5 0 3 0 ^m<7)^;§*I I II 

[0 18 9] 

(Jfc«« 3 ) 

HI 4 (a) ~H1 4 (c) ttlLT, £U 4 K^iJRJR-arxift*, M(fl$i*?mM 

I I I lift»*iM B B H iS 1 1 LTff$ 4 0 0 /zmWGa NS«*#^o #Cfc* HI 
1 0£#MLT, GaNiSiC MOCVDjlCil), lJiJBIl±OI I IISWI 
fl^iUJi 1 2 t LT, 3 /umO ilG aNH 2 a, J?£ 3 0 nmO ilA I0.25G 
ao.ssNJf 1 2 b 1 5Ig) o 

[0 19 0] 

A 1 0.25 G ao.ssNif 1 2 b±i:v-Xll5 3 £«£t/K W >1I5 5 t LX^rft^rfl 
Tim WMOnm) / K 1 Jg (IMOOnm) /T i 1(1$ 2 0 nm)/A ui ( 
ff $ 2 0 0 n m) <D^M Sr 8 0 0 *CT 3 0 #^MbT^Mt^ - fc ^ <£ "5 MLfe 
(» 1 618) o £ fete, bM5 4 t LTff$ 3 0 0 nm©A uiWL/; (fit 
1 7 Xfi) o \ ft fct 2 fx m, y-hffilil 5 0^ m"e* o fc D ±13 I I I KM 

M b 9 h ^ 4 0 0 m X 4 0 0 ^ m<D#f 7 LT (|18Ig) , ^MfcTr** X 

1 0 0t^aHEMT^gL/: o 
[0191] 

mmm 4 6 ) 

^Hi&^O t±> ±fB«ff^H 7 is i tfgfeSfcJ&SS 1 2 K*tJfc-*- * 0t?£> -So HI 2 ( a ) 
tZ^-T «t 3 fc, T*^Rl Ltg§ 4 0 0 p m<DG a N3fe#E±^ *?K?m2h LX X 

X 5 0 nmOS i 02»*J£jSLfc (illS) 7*h'JV/57 

•f -ffifcJ: *9 iiPSBHRBPwtfU 0 0 BfPffiWWw** 2 7 0 ^ m<DmM^ 

#OHP«S2 afcRtffc (i2Ig) o 
[0 19 2] 

#Cfc, 02 (b) fcarf J: o fc, HVPESCl D> G a C 1 1 1 0 s c c 

m, NH3^1i^6 OOOsccm, Jfift»flEa*l 0 5 0°C, Jftft8$ffi7&* 1 H$W?>& 
#T?j|S(i*jKft$*fcfct% (i3Ig) , vj**»2tf)|BP«B2 aTK&e^&T:ttl2k 
«1 COMPM 1 a±*5 <tO f iaPSP2 a HtfT* fflLbB 2 b±K % I I II 

a^^*{*lt H B H » 1 liLt3 0 0 ^mX 3 0 0 /i mXff £ 8 5^ mOG a N^«# s 
fthtitzo Ml 0*#RRLT, MOCVDStiD, _tffi I I 

ItHM 1 1 ±fc, 1 m&±<0 I I I ^«#»#lt H H H il 1 2 £ LT, ff£ 3 ft mO i 
IGaNil 2 a, g$3 0 nm<D i MA I0.25G ao.ssNJf 12b £j&fi£*7c (fit 4 

[0 19 3] 

A 1 0.25G ao.8 5 Ni 1 2 b±KV-xmU5 KW >mfe5 5 LtfttfH 

T i » (f?5 0iim) /All (J¥£ 1 0 0 nm) /T i 2 0 nm)/Aui ( 

U$ 2 0 0 nm) ^m^if ^ 8 0 0^3 0 f^WMfc LT-fr^ftrT S ifcCi*) Lfc 
(i5Ig) o $$>fc^ M^5 4 iLTff$ 3 0 0 nm©Au|«U (£6 
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IS) o y-Ml^/zra, hfftd 1 5 0 /£m"C*ofco -^OgL 0 2 (c) K^i" 
•fc-Sfc, -7 y Bfcfc»iK (7<;S: lft%) CHtLt-77^12*X7f ^ 
*L/S (*7Ig) Hi 2 (d) H^-Ti^tC, K0H*»« (KOH: 5ff%) £ 
SitLt I I I ^a^%W-f«S H B H 1 0 ?>Ti«« 1 Clt^TI 1 0 a (S*7G**fc 

ft & m^-m) ix.y^r-t&z.k.Kxi), 1 1 1 ft&tttt^&ftttr a 1 o t Tmmm 1 

[0 19 4] 

mmm 46-2) 

T»*«ti±tw, j*tst (c) ommafii x 1 0 19 cm- s tfta x 7 k K-e yyztit: 

IM0,/m©Ga NighS® * j£g L fcftfc, I I I ^fttt^&f&ftA&K 1 IT?** 
JfL$ 8 5 ^m^)G aNii^ML/^i, 1 #> h Ofrflt* JiSBC K--/G aN 

#SMT*^MIU^:W»4|IEifli«4 6 IWIMl- LtHEMT^SL/co 
[0 19 5] 

4 ) 

HIl 4 (a) -114 (c) t#HlT, $14WM^li, igr JU£Si&£& 

I I I Mib!fc*iMlii« 1 1 £ 4 0 0 fx m<DG a NM^tf^o H 

1 l^tlLt, GaNiti^ MOCVDffiKiD, llft±«I I I MSf 
Mh b b 1 1 2 t Lt, 5 /i m© n"IG a Ni (If»lXl 0 16 cm" 3 ) 
(Hi 5Ig) o 
[0 19 6] 

>kK, HI 1 1 iZTFirX 7 l/Z^ G a NIMRO* 2 Wil^ffiCt - 5 9 5 6 t LT 

Til 0¥£ 5 0 nm) /A IS (|?10 0nm) /Tif(?$2 0 nm)/Aul ( 
S? 2 0 0 nm) * 8 0 0 °Ctr 3 0 ^HMLT^kti Z\ bte£ Ltz 

(mi 6Ig) o 7*b'J y^5 7^-fe*J:a"J "7 Y^rym^X 19> n"IG 

a NJl±^v a y ^-115 7 Ltjtg2 0 0 mXff£ 3 0 0 nm©Auf» 
L/c (Hi 711) o JtlBI I I ^MlbWS^IS^W J: XT I I IM» 

tl*> I I I ^^btJ#*#fe H H H «r 4 0 0^X 4 0 0 // m<£>#-^ y 7 
C^-fLr (il8IS) , ;^ 7 1 0 0 *> 3 y b * - ^'f t - K*ft« 

L-tz a 

[0 19 7] 
(HJfeM 4 7 ) 

#**fe0O fix ±.m%imm 7 43 J: Of^EJfc^SI 1 3 £*tJES-*- * H»J"^& * o H 2 ( a ) 
C^ti^ TttUfflEl t LxmZ 4 0 0 // mOG a N*ttubfc:, -7^^S2t LT7, 

^ -fete J; 19 HPt!5KFIPw^4 0 O/zm^^J:^ KMPSMBWitf^ 7 0 //m^I 
a<7)WPfB2 a (*2It) 0 

[0 19 8] 

m2 (b) bZTFir*. 7 H V P Eftf' i >9 > G a C 1 #\X»E*;a*l 1 0 s c c 
nu NHs^W6 0 0 0 s c cm, 1 0 5 0 °C, J&^BfW 1 l$IW£>& 

fr^Jl^j&ft^/ch £5 (i3Ig) , v^^l2 0F3lP^2 aTi:fittt^TH 
SI^IOII a±i3J:ranfl$2 a ^?3lS9 Htf^^^ilcT)— f|5±M2 b±K, I Hi 
a^%^S#I^H H H S^ lltLT300^mX 300 ^ mXjp^ 8 5^ m<7)G a 
#fc*Lfco ftv>t\ HI l£#MLT, MOCVDftCJ:^ ±121 I IM^W 

i^b h h»* 1 1 ±k> 1 »jgll<7> 1 1 1 mmm^mm^m 1 2 1 ut, jps 5 ^ mo n 

"MGaNJS (eiS#lX10 16 cm 4 ) *jfoftS*fc (i4Ig) 0 
[0199] 

>k\z^ H2 (c) t^i-i^t, yym^mm (yvM: 1 SI%) fcftatLTv** 
I2*iyf>/»:i*)R*U (I5It) ft, 19 2 (d) ^t^C, KOHtM# 
ifc (KOH : 5fi%) CSILTI I iiiWfM H B H i OOTiltltitS 
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mm$Mi 1 0 tTMimK ltzfrmLtz (me ie) 0 
[0200] 

2fcK, B 1 1 Ic^-T i •? fc. III Mltllllli 1 lt*4Ga N«<7)H 2 O 
±ffl^®fc*— 5 7^115 6 LTT i Jg (ff£ 5 0 nm) /All (11$ 1 0 0 n m 
) /T i JS(J¥S 2 0 nm)/AuI (ffS 2 0 0 n m) ©tt^»* 8 0 0tt3 O^IWJn 

J: ITV "7 1- «t "3 . n"lG a N»±lw-> a -7 h *-«&5 7 fc LtEf 2 0 0 // 

mX|^ 3 0 0 nmOAul«U (§8Ig) , ^}#f^X 1 0 Ot^^y a 

[ 0 2 0 1 ] 

(Jfctfcfll 5 ) 

014 (a) ~@1 4 (c) £#MLT, «1 4 C^tJItW'Xlf , ^HJ&SiUffiis 

1 1 1 mmikm¥-mm£M>&m 1 1 t ltj? £ 4 0 0 ^ m<D g a n*«#*:o #ck, m 

1 2*#MLt, GaNS«<7)il©±M±i:, MOCVDSCi^ 1WJ2LLOIII 
^ttfe^-ffcltifiS 12fcU, S?5i«mOii-IGaNil2c (m^ifcK** 1 X 
10 16 cm- 3 ) (il5Ig) o 

[0 2 0 2] 

112 H^1-«t -5 )g#M*>i£A&K«fc p|12 d^-ttfii + fll 1 2 e 
frTfrtiZLfz (Hi 611) o tit*, pJi 1 2 dl±Mg^t>ftA(:i 1, n + Ji 1 2 e 
(±S i >f ^^AKJ: *)&mL?Zo >kK, II IIIfttWMiil 2±C«11 ( 

iLT)¥$3 OOnmOS i C^JUfc^JS Lfc8L 1 2 5 0W3 0»IB7- 
-/l/fcfrv*, EX-f 5j->*«tt-fk5*fe (HI 7Ig) o 7yBfe-C-hfBfiiilJR«rf8 
RILTt^ MI Sffl#fi#JK5 9 tLTP-CVD (Plasma enhanced Chemical Vapor Dep 
osition; -fy X^iY,^%mmtW) feCJ: >)g?50 nmcOS i OaJHtrTM Lfc (Hi 
818) o 
[0 2 0 3 ] 

<£ «J , ±|2M I S ffllfiW 5 9 (D~ fflj* J. y f >^LT, 'J7l> * "7fe^ «t 0 > y 
fV^$tL^«i:V-^H5 3 LTT i Jf (J?£ 5 0 nm) /A 1 M 0*3 10 0 
nm) /T i »0¥S 2 0 nm)/Auf (ffS 2 0 0 n m) O^Ji * 8 0 0^3 0# 
HMLt^htS ifcCiD J2J&L;fc (H 1 9 Xfl) o 7tHJ7^77^- 
-7 h*7ffiiwJ: 19. JifBMI SI«II5 9±C, Y~ YWM 5 4 LTJ¥£ 
3 0 0 nmCOA lft^U MI S #3i £ J&JS L (H 2 0 Xfl) 0 
[0 2 0 4] 

±i2i 1 1 jteffl-fkw^*#«f**K* j: v 1 1 im.m.iYM^mw^m^m^ 

tl%> I I I * 4 0 0 //mX4 0 0 /i mO#^ -7 T^^ltit L£ (H 2 1 

Xfl) o JfcK, I I IlS^W^iSf 1 1-C&&G aNM©i2«iffi (Hi 
©il^MIJ^I^v^, J21TIW1C) o^Ii:, FW^IS5 5iUTii (J* 
$ 5 0 nm) /All (S5 10 0nm) / T i JB (ff §20 nm)/ Aui (1^200 
nm) * 8 0 0 3 0 ^BilftL'C^fct 4 i i C i 5 M U (H 2 2 X 

jg) , 4^$^^ 7n 1 1 0 "Cafe SMI S h y >*JX 9 *f^»Lfco 

[0 2 0 5] 

(Hi&fll 4 8 ) 

*fSMM 14 , ±SB3SJfc3£l8 7 & X TfmW&Wi 1 3 fcMBIr & Mt&W t*5 c 02 ( a ) 
tz^-r J: -5 &~> TikMMl t LTff£ 4 0 0 // m<7)G a NiS±i:, -v-Tn^JI 2 LTX 
^7^fef:ii5ff5 5 0nmWS i0 2 JgML^ (»llt) ft, 7^'jy7*77 
A -feCJ: 19 HPaJBRIPf* , 4 0 0 // mfc&S i 3 CWn*MBWfrt*2 7 0 // m<DmMl& 
tt©inHS2 a fcSfctffc (H2X®) o 
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[0 2 0 6] 

jfeC, H 2 (b) fcTFirX 7 I:, HVPEffiia <9 , G a C 1 ^at*3&«l 1 0 s c c 
m, NH 3 ^1I#6 0 0 0 s c cm, jftSSUK** 1 0 5 0 "C, J&ftfl#Hgrt* lfl#ffi<7)#: 
# ,f H (|3Ig) , *JB 2 ©8BP« 2 aTfcft«*STi&a£ 
mi ©iPI 1 a ±*5 J: 2 a HtfVX^iiO-f|5±M2 b±^> I I I Si 

&{b%3M¥#£r!&£& 11^1X 3 0 0 ^X 3 0 0 ^ mXff$ 8 5//m«Ga NftW 
#^tL7t 0 «v»T, mi 0£#MLT, MOC VDifcKJ: «K ±121 I I JJgSMfcW^NH* 

^h h h« 1 1 ±k> i jsj£Uk*> i 1 1 mm^tm^mim^m 1 2 1 it, 5 ^ mo n 

"iGaNil 2 c (l^ ? lX10 16 cm- 3 ) fcJ&SS^fc (i41fl) 0 
[ 0 2 0 7] 

>XK, Ml 2 iZTF-fX 3 ) fc, lK>ft>ftXfel:J: 0 -. pit 1 2 d # £ n + Jf 1 2 e 
(i5It) o pJS 1 2 d liMg^^ftAta >9 , n + Jf 12eli 

s i <<*>>mxK£ *)5tmLtzo >k\~, 1 1 i m^t^ssfl^iis 1 2±t:§ii (m 

Tf^ir) tLXm$ 3 0 0 nmOS i 0 2 M£M; Lfc^ 1 2 5 0 °C"e3 0^M7-- 

tz^ MIS fflf&ltJBI 59hLTP-CVD (Plasma enhanced Chemical Vapor Deposit 
ion ; »)|?50nmOSi O 2 J8I £ L (i7Ig 

) o 

[0 2 0 8] 

±EMISffl»l5 9©-|5^X7fy^LT, 'j7ht7gi:J:^ 
f>7§^iiC7-^IS5 3 LTT i JS (J?£ 5 0 n m) /A 1 Jl 0¥§ 10 0 
nm) /Tii(I$2 0nm)/Aui (J?£ 2 0 0 nm) £ 8 0 0 tJT? 3 0 # 

^itry 7 i >)> ±ibmi smmmms 9±\z, y- m«5 4 1 Lxmz 3 

0 0nm©Ali^MU MISf^WL/: ($91®) o 
[ 0 2 0 9] 

S &K, M2 (c) iZTji-r £ 7 iz^ yy m^WL (7?»: iRt%) CSiLT-?^^ 
J|2 ^xyf UKf*Lfc (f lOIg) fc. III 2 (d) fc^-TJ: KOH7X 

mm (KOH : 5«f%) t:ftSLTI I Hiftt*iM B B H i 0^THk^«i t:«t 

5tii o a (a^x^&fc&isme) tx^f>mii:KJ:D, 1 1 im&itm 

^IM B B B 1 0hT*ISl fc*«-KL3t (*ll©c^ II iMtl^lM 
H B H it 1 1 G a NS«©f 2 ©iffi©^W^ KW >lfe5 5 t LTT i g (ff 

$ 5 0 nm) /All Ol^lOOnm) /T i i(J|$ 2 0 nm)/Aul (I$2 0 0 
n m) (Dm&m £ 8 0 0 °CT 3 0 ffrMijnflfc LT^'flr*-* - tl^^MLT («12I 
Sg) > i£ai#:7^M ^ 1 lOt^JMIS f5>^^*ft»Lfco 
[0 2 10] 

±13<0jfctfc0I 3 -Jfctfcfli 5 £ ± Tf$mM 4 6 -SfeSfcW 4 8 ©fXf;t^ * OHHi&fl 1 *: 
[0 2 1 1 ] 
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[0 2 12] 

ftl 4*e>?fl5)*«:J:^:, ^cf&W I I I WMiYflto^Mffi-Ts^-i -X co^5t^^ 
iCittldT^ HEMT, Vayh^-^t-KiiOfMIS >9>^^©V>f*L©I I 

10 2 13] 

mmm a 9 ) 

#m it, ^nifcwi. 1 1 1 mmm^-mfomgu^M i K^sGa non 

^liOflltengll I I Ueffl'ffcW^S'frttaW 2 1, ^* 2 2, pill IliW 

«#it H B H ® 23^ t* *ittfmmm&iP&j&2 tt, P nn «^^*« H H H )S 2 3 ± 
t pin 2 3&»w:tt <e> tL-r v> a o p mmm 5 2 -z>mm&mmM 62icj;o-c i ;-f-7v- 
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A<D~?*7 y 6 0 a \z?*j >$£&2tLX^&&l' 1 oo#f|b^&&o 
[0 2 14] 

^HMW'&v^t:, GaNiSO|2Oil01 1 bf±, 2 2 T?$&3teLfc3te*Jfeai 

»l©ffl}:nOTS5 ltimtfhtlX^&o £ ^ n fl M 5 1 t± , H 2 ?>3£ 

Kifcm-r a ife w*&2$ * * £ *: § * ° 

[0 2 15] 

n fjjmtl 5 ltt7^6 1 £ =fc I) V - K "7 V- A <D V - 6 0 b t KWtnZii 
tv>io 7 ^ 6 1 # J: tf±iE<aflWB*&5&^ x*^y|f!6 3 «£ ^^-jh^ttT^S 

O 

[0216] 

±mmm?tte^ 1 1 iMftft«Missi it-*&GaNiti i± 

nIG a Nil 2 1 a, nlA 1 x G a i-x NJf 2 1 b , A 1 X G ai-xNJi ( 0 ^ x s£l 
) fc A 1 x I n y G ai-x-yNJf (O^x, 0^y, x + y^l) i*fc44#li?#P( 
MQW ; Multi-Quantum Wei 0*3l*^r^*lfc3teJi 2 2, pIAUGai-xNi ( 0 x 
2S1) 2 3 a, plGaNl2 3bMfi?^v^ 0 J/:, in^fJ:^^ p 
IG a Nil 2 3b <D±\Z p HIS 5 2 ^I4t«t Si^ § *U ^ >^ $ ft 

[0 2 17] 

^mmM^itm^MMum^^x^rKmmir^o t-r, H2 ^mrnvx 

,02 (a) C^tiM^ TiiSlfcLtJf$ 4 0 0/zm©GaNlft (IW ( 

0 0 0 1 ) . TlllWilt (0 0 0 1 ) Mfcoai-*7^3&*0. 5° ) <D±iZ^ 
?m 2 LT7^7 ^feJCJ: *9ff£ 5 0 nmOS i 02»*3tSj& Lfc&, 7 * h 'J 
"7>f-l*KJ: *K BinaiJ|iBHIPw5&*4 0 0 fi mt &3 X n ^HJP«Ui|BWw35 , 2 7 O^m^m 

£ n n§i5 * is it o 

[0 2 18] 

0 2 (b) C^ti^ H V P EftK «£ 19, G a C 1 1 1 0 s c c 

m. NH 3 ^lt#6 0 0 0 s c cm. J&ftfflLflE** 1 0 5 0 °C, jSftBHBa*! B*IWtf>* 

fli-eMA*jas$^fct* N -?*?m 2 cor?flp^2 a t cet 1 tii* i © i pi 

1 a±*5.£O f HJP*&2 a £IR!9 ffifrv*^ Jf c7>-g|$±® 2 b±H, I I IiiftWfft 
#£jy£^l Ult3 0 0 ^mX 3 0 0 ^ mXff $ 4 0 0 ^ m<DG a N^SWbtl/to 
£<P, G a NKPKOJtSfittt 0 . Olflcm, OTSli 1 X 1 0 7 cra- 2 aTt$)ofc 

o 

[0 2 19] 

MocvDsia^ -his 1 1 iMftWiti H B H isi i±tw, mmmi t 
mm.K, 1 »jsl±o 1 1 im&4m*mfrti&m 1 2 1 lt, aim 

l§H B H ii 2 1 T?£>;&JP£ 2 ^ m<DS i K— 7£ tLfc nIG a NJS 2 1 a i3 iffff? 5 0 nm 
CDS i K-^^tLfcA I0.2G ao.sNl 2 lb (?5?K1) , G aNit I no. 15 G a 
0. ss NM t <r> 2 JiflHttf* 3 Mfc h tL/cMQW(Multi-Quantum Well)* jtSr^-f &3&3fe« 

2 2, pffll I I mM4t%#»#$§ H B H * 2 3-C*SJ?§2 0 nmOMg K- 73 *Lfc p M 
A 1 0.2 G ao. s Nil 2 3 a (^7 7 KJ») *3 J:OT£ 5 0 nmOMg K-7'§W;pIG 
a Nil 2 3 b *JK#dSS3*;fco # ^ ^^IK^OS^feifeJfctt 4 5 0 nmt* <9 > I&7U4 . 

2 KtWP L (Photo Luminescence) MBEt&U 2 9 8 KtOPLlS!:ibtt^;ti:J: 
"J ftfi^l &~ ft ffl L rtSPi^ap (± 5 0 % t? 2b o 7t o 
[0 2 2 0] 

mz, z\ <Dm=f * m&iwem l t\ MgK-^^^pii 1 1 ma^t ji® 

2 G ao.sNl#5X 1 0 17 cm" 3 , Mg K- 7$ *Lfc p H G a N»*« 1 X 1 0 18 cm~ 3 X 
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[0 2 2 1 ] 

G a N*5f£<£>3§ 2 <0£I?-e&&N (ftS!) WOf't^'lWl 1 0 0 ^ mCO nffl«M 
£otff- 0 niSUmSt Lt, G a NM^^LTJIIM^T i Jl (IMOnm) /A 1 if ( 
f$10 0nm) /Tim 0?£ 2 0 n m) /AuJf 2 0 0 nm) O^JS £I*J& 

l/co itL^a* (n 2 ) m%*^mm-f2>ztK£t), »»ixi o- 5 n- c 

[0 2 2 2 ] 

#Cfc, pfljmfetLT, plG a N*^LTJ?$ 4 nmON i m*M$Cl>, ^<D±.K 
ff£4 nmOAulMCMLito £ ti*7Fffi\ktfX^fflM*^lJmiim.1r2> £ £: 
«£ <9 > ®M»C£ 5 X 1 0 " 4 n • c m 2 1 LtZo 
[0 2 2 3 ] 

>Xfc, m 1 3 £#P3 Lt, >J - K7 V-A<7)-t^7 > hf|5 a Jiffi*^ p MG a NJS 

23b fjj & xvKmmLx, mjtmm * m vtz 0 v y v & k » l tz mm^m 

o 

[0 2 2 4] 

i^-e, mtW&frb<omM*t*&<1rZ>iz*b\z^ H»plGaNl2 3b©^ 
M^U- K7l/-AOv^ Y%£ 0 a fcSfl>i^ KjglftLfco t tzmm^MM 6 2 
f±£M£3|E<£>&v>A gl«^t ttzV- 6 0 £ it^S^.^ C u W^<£> & 

[0 2 2 5] 

£f>^, nfljmS 5 U'J- K"7 k-A«'J - K*[5 6 0 b £ £ 7 >f Kt:i ^ 

0 *#3to 

[0 2 2 6] 

[SH±OflJMnrtg'tt] 
[0 2 2 7] 
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